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1. Introduction. 

The occurrence of parthenogenesis in the genus Nicotiana has been 
under investigation for some years in various parts of the world . Th e subj ect 
was first brought forward in 1909 by Mrs. R. Haig Thomasi ^ a paper entitled 
PaHhenogenesis in Nicotiana. In this paper, a series of experiments was 
described in which castration of the flowers of various species and varieties of 
Nicotiana was followed, almost invariably, by the production of viable seed. 
Hi 3 om(^ experiments the anthers were removed, in others both stigmas and 
anthers ; in nearly all cases seed resulted. All the usual precautions 
sterili/’aiion of the instruments and protection of the buds by means of paper 
b.,^s-were employed. Among the varieties tested were Nicotuma Tabacmn 
var. (Jnha and Nicotiana Tabaeum var. Mirodato. The seed ef the fomier 
was gathered from a plant in the garden of Casa Boring near Malaga said to 

» Haig Thomas, R., The Mendel Journal, I. 1909, p. r> 
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have ])een grown from seed imported from Cuba. The seed of N, Tithitcmu 
var. M.im:lata was obtained from the Board of Trade and Ciunt; originaJiy 
from Asia Minor. 

T 1 u 5 following results were obtained with these two varietii^s aaid their 
liyf3rids : — 


VariefcjT 

Nnuibei* of 
successful 
experiinents 

Note.s 

Nicotiana Tuitacum Cuba ' . . 

5 sprays in 2 
plants 

PartlunK >a-enotic‘ S('C( 1 

sowed Dl'lj Seiit(Mnbei', 
ifcrininati'd on the 
21st Septeiiibi'i' 

Nicoliaiiii Tabaenni Mirodiito , . . . ' 

1 s|)ray on 1 
plant 

Asia Minor, stMsl 

obtained I'iom l,lu.! 
Board of 'Prade 

Nicotiana iSylvcstriw X Nicotiana Tabacnm Cuba 

2 sprays on 2 
plants 


Nicotiana Tal)acnin Cuba x Ih Purple (Kylv(>Htri.s 
X iq Kod HandenuxAffiniH) 

.T .sitrays (U\ .‘} 
plants 


In the case of N. Tuhaenm var. Cuba half iln^ [)arthenogem>(ie He<*d was 


round, full and sound looking, the other half flattened, poor atid little libdy 
to germinate. 

The author sums u)) her results as follows : “ Tite faet remains that 
parthenogenesis was discovered in ten species, varieties and hybrids of Nico- 
tiiiMi and it is possible will be found in all of them if the right perio<l is ehos<!n 
for the trial, i.e., when the plant is beginning to go off its fullest blossom .... 
In the Tabaceiims success was unfailing,” Further eoniirmatory <‘vi<hmee 
is given by Mrs. Haig Thomas in a letter quoted by CoodspeeiB in 11)15, 
“ Since then (the appearance of her original paper in tln^ Mevdd Jottnial) 
I have every season produced partlienogenetic seed from one or more 
Nicotiana though the conditions for growing the plants liere (Moyh^s Court, 
Eingwood) arc not so favourable as at Creech (?) Grange, Wareham, where I 
first made trials for parthenogenesis and succeeded in so many vari(.>ti(‘s.” 

It is obvious that parthenogenesis, to the extent described in the. above 
paper, would introduce serious errors into any experiments on tf)))ae.c(> breeding. 
Investigations were, therefore, started at several tobacco breeding eenii'ti.s to 
ascertain how far the formation of partheiiogeiietic seed was cha,ract(‘.ristic 
of other species and varieties of Nicotiana. In H)l() and .1911, a detailed 

» Goodspeed, T. H., University ofOaliJornia Publications in Jiolany, Vol. V, 15)10, p. 241). 
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invosf;igatioii'* wa« carriod out by one of us on, fifty one Indian types^ of N 
Tnhacum, In each type, 50 to 100 buds were castrated on each of two plants. 
In Sf)mo, fhe anthers were removed, in others both the antliers and stigmas. 
Plants were chosen at all periods of flowering. In 1911, the experiment 
was repeated on six types (9, 51, 16, 35, 23, 38), In the thousands of flowers 
ca,strated only five seed-bearing capsules were found. These occurred on 
tliree plants. As tlie percentage is so small (5 in 10,000), there is always 
the possibility that these might be due to accidental errors of technique. In 
addition, in nine first generations, raised in Pusa during 1908 to 1913 (each 
culture containing about one hundred plants), no individuals resembling 
the mother pln,nt have ever been detected. With the Indian types 
grown at Pusa, therefore, practically no evidence of parthenogenesis was 
obtained. 

Several investigations on this subject have been carried out in America - 
In 1913, Wellington'^ published an account of a very thorough study of this 
matter. Attempts were made to induce parthenogenesis in various species 
and varieties of Nicotkma by (1) the removal of anthers or of anthers and 
stigmas, (2) mutilations such as singeing or tickling the buds, (3) exposure 
to various vapours such as chloroform and ether and (4) injection of certain 
liquids. No fruits or fertile seed were produced by any of these methods 
with the exception of one capsule among ninety-eight emasculated blossoms 
on a plant of N. j^lumbagmifolicL This is ascribed to an error in technique. 
In a few cases, however, abortive seeds were produced by mutilation and 
artificial stimulation. As regards the castration and decapitation experi- 
ments, in over 1,000 buds treated, no fertile or abortive seed was produced 
(with the exception of the above-mentioned single capsule). Hayes and 
Beinhar+4 in a communication issued in 1914 make the following statement : 
" We have made numerous attempts to secure parthenogenetic seeds from 
various species of Nicotkma without success.” 

Tire following investigations have been carried out in Riirope. In 
connection with a paper read by Mrs. Haig Thomas" at the Paris Conference 
of Genetics, Bateson® stated that he had been unable to obtain parthenogenetic 

^Howard, Q. h. G., Mem. of the Deft, of Agr. in India, Botanical Series, VoL VI, 1913, 
p. 25. 

2 Howard, A., and Howard, G. L. 0., Mem. of the Dept of Agr. in India, Botanical Series, 
Vol. Ill, 1910, p. 59. 

Wellington, B., Amer. Natur., Vol. 47, 1913, p. 279. 

^ Hayes, H. K., and Beinhart, E. Q., Science, Vol. 39, 1914, p. 284. 

■''Haig Thomas, R., Uh Cong. Int. Qen. Rep. 1913, 

*> Bateson, W., 4th Cong. Int, Oen. Rep. 1913. 
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oxcopt in tlio case of N. Tahacnm var. also tsi.-Hio n 

series of experiments with a. pure lin<^ of IV. Tuhdr.Kni. No paii h('!ioe;eneti<' 
(iapsules were ohkuiief! alflioiioli various nio(l(*.s of ftroeedure were adopt ( m 1. 
The corolla, reina,ined frc'sh lonjjjer than usual and the ovary swclh^d a, liMh' 
])ut "sections through this organ showed tluit it was Pdlcd with paia'uehyinalous 
tissue and that no seeds were ])resont. Fruwiith <'onc!ud(‘s llu'nd’tm* lhatilu' 
tendency towards ])arthenocarpy is present to a small degre(' ; fruit fonnsition 
begins but the seedless fruits are thrown off bed’ore they attain their full sizt'. 
In none of these investigations, except those of Bateson, had the vavieties 
used by Mrs. Haig Thomas b<3en employed. 

In 1915, Goodspeed^ published a paper entitled P(niheii(>!/aK‘t<is. porthcho- 
carp}/ im<\ 'phenospermy in Nieotiana in which he. (l<‘S(.‘rihed very dihaih'd and 
elaborate, experiments on plants of Niroliana Tahacam var. <jldidned 

from seed supjdied by Mrs. Ifaig Thomas, At the sa.nie time, <‘lforb' were 
made to produce [>arihenogenetic so<'d in a la.rg<i nundxM’ of other species 
ami va,rieties of Nieotiana hut without sm-eess. Over 1, 500 attempts yi<‘lded 
entirely negative results. The <3xperiua*nts with N. Tahaeam var. (Uib<s wa-re 
earrhid out wdth the greatest care a,nd ev(‘ry jjreiaiut ion to tdimiuatf! error was 
adopted. About 800 buds, <iivid(‘(l approx ima.t('ly tivenly hetw'eeu uiiiety- 
five })]ants, were treate<l by oiu' of the following method, s (1) removal of the 
anthers, (2) removal of the anthers and stigma.. {’>)) numtval (d‘ Ihe stigma. 
It Avas fonnd that, in g(‘neral, tin? flowe.rs and maturing (ai,psuh?s, 1 hough they 
may have fallen ultimately, r(?ma,ined al.ta.<‘ht>d to flu* plant for a muedi longer 
period of time than in the ease of other spe(ues and varielies of Nieotiana 
when similarly treated. Moreovcir, out of tin; 800 castrations and niulihjtions, 
over TOO normally matured capsules weia? produc.ed. In (he ma,jority <»f (ln‘se 
parthenocarpic fruits, emtdy seeds were found in gnsat numbers. In nim? fd' 
these capsules, however, approxima.t(?iy 50 seeds were found, some of wliieii 
showed normally matured en<los|,>crm and emlmyos. f^onie of the seeds germi- 
nated and ])ro(lucefT normal seedlings. Bight, (?<?n seeds gave six scssllings, 
Goodspeed was therefore a])le to show that the beha,viour of N. Taharaoi var, 
CAiba in ])Todncing parthenocarpic, fruits on castration was very different 
to that of the majority of the species and varieties ol Nie.ntia n a. He w'as 
also able to ])roducc a small f|uantity of secfl wdiicli, conside, ring the pre.cantions 
and care taken, must he assumed to he of p.arthenogmudic origin. The very 
small amount of seed so produced forms, however, a, great (atnfra.st lo fin: 
ease with wdiicli such .seed was produced on the same? variety in Bngiaiui. 

^ Zeitsc/irift fiir PjIansenzikJdunri, Bd. lU 1014, p. 0/». 

“ Gooclsjiced, T. H., University of Cdifornia Publications in Botany, Vul. V. 101:1, p. iMO. 
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(:»oo(is]ice(l cfills attention to the 'possibilUfj tliat after one or two years of 
further cultivation the large jjroportion of pheiiospermic seeds, with or without 
embryos, may be lessened in favour of a greater proportion of entirely normal, 
viable soetls resulting from the castration or mutilation of flowers of Nicotianu 
Tabacam (Juba. He suggests that dilPferencea iu soil and climate may 
account for the discrepiincy between tlie results with this variety in Eiigiaiid 
and in California. 

The power possessed by N. Tabaciim var. Cuba of holding the capsules 
aiter castration and producing phcuospermic seed is apparently a dominant 
character for Goods|)eed and Ayres ^ found- that this tpiality was exhibited. l>y 
the hybrids with N. sylvestris. The plants of the Fi generation (as in other 
species hybrids witli N. sylvestru) produced, no functional pollen and no viable 
seed under bag. Mature normal fruits with phenospemiic seed were, however, 
obtained. 

The present investigation originated from a request, made by Mrs. Haig 
Tiiomas in 1920 to one of the authors, that experinieuts should be made to 
deter.niit.ie wlietlier tlie contrast between the negative results obtained at 
Ptisa in 1910 and those obtained by her w'as due to the varieties used. As it 
seemed desirable to ascertain whether the types wdiich gave such abundant 
partlienogcnetic seed in England would do so under Indian conditions, arrange- 
ments w'cre made to carry out the investigation. Three packets of seed were 
received, from Mrs. Haig Thomas in 1920 wdiich ivere described as follows ; — 

(1) Nic. Tab. Cuba, 1917 seed ; Casa Loriiig C4arden, Malaga ; foliage 

scentless. 

(2) Nic. Tab. Mirodato^ scented foliage ; Asia Minor — imported ])y the 

.Board of Trade and, grown for ten years by 11. Haig Thomas. 

(3) Seed gathered from .F 2 Nic. Tab. Cuba (ovule parent) X Nic. 'Tab.. 

Mirodaio (pollen parent). 

T’lie experiiiieiits w’^ere begun iu October 1920 and have been continued 
during the seasons 1921-22 and 1922-23. The seeds were sown in boxes in the 
manner described in a former paper^ with all the precautions normally used 
at Pusa in raising, cultures for investigations on tobacco breeding. No diffi- 
culty lias been experienced in germinating the seed or in growing these varieties 
at Piisa. Although slightly slowmr in growth than the indigenous kinds, 
they have given quite as good plants. Good seed vyas obtained both under 
bag and from freedlow’ering plants. The flowers were treated by the removal 

' Goodspeed, T. H. and Ayres, A. H., University op Calif ornia Publications in Botany, 
Vol. V, 1916, p. 273 . 

2 Howard, G, L. C., he. cit. 
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tJic anthers or of both anthers and stigma. IfiiH jM'{5(;a,uti(M(S fo !>i'<*voni' 
eoiitamiuatiou were taken. The mstruirients employed \v(‘re sierilised and the 
biuls were protected by means of parcliuieut l)a,gs. Plants in all sia.ges oi 
flowering were used. The results in tin*, main agree witli tIios(3 of (loodspei-.d 
but it has not been possible to produce. parthenog<'.n(;tie s<'.ed in N. 
var. Guha. In considering the experiments on the two varielh'.s a,ud t!i(‘ 
hybrid, it will be best to deal with each kind sejjarately, 

II. Experiments with N. Tauacum var. Muiudato. 

Four cultures of this variety were raised, l.n eacli of tlie y{,'iirs during 
wiiich the investigation was in progress, a culture wa,s ra,is<!d from tlu3 origimii 
seed; iu 11)22-23 one culture was grown from seed ita.rv(ist(3d in India, in 
1921. 

d’ABLE 1. 

Uemllfi with N'lcotiana, Tahacnm oar, Minnluiu. 


J 920-21 
Laiick 

WKLC 

DEVJjLoren 

I'LANTS 


Orij'iu oF 


Orii^iiiiil se<;(l 


Nature uF 
ujieration 


yi.ariU!as and 
,stigiua.4 ri'inovcal 


Nn. of 
plants 


i-1 

Ifjarly ataj^o 
if lltiwci'ins 


iJ-:)-2i 

to 

15 - 3-21 
Early stno(v 
of llo\vcrin,u; 

23-3-21 
Eloweriug 
juat .tfoiu'u 
over 


Nil. ut 
eajisulc.'^ 
)ier plant 
treated 


o. Ilf (‘ap,sules 
wliieli 
developed 


I eiijiside lint 
l»a._e; torn 
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Table l—{contd.) 


Seaaou 

Origin of 
culture 

Nature of 
operation 

Date 

No. of 
plants 

No. of 
capsules 
I)er plant 
treated 

No. of capsules 
which 
devolopetl 

102()_21 

; Original seed 

Stamens removed 

9-3-21 



[27 



— contd. 


to 





Lakue 



15-3-21 

4 


35 


WELL 



Early stage 



34 


DBVEEOPEB 



of flowering 





I'LA.NTS 







— conhl. 


Do. 

23-3-21 



■ 





Flowering 



9 

None 




just going 



20 

» 




over 







Do. 

25-3-21 








Flowering 

2 


13 

None 




very nearly 



19 

» 




over 





1921-22 

Original seed 

Stamens ami 



f 37 




stigmas removed 

25-3-22 




Plants 







NOEMALLy 


Do. 

1-3-22 

1 

56 

» 

DEVELOPED 









Stamens removed 

25-2-22 

1 

44 

3 appeared to 







sot but did 







not develop 







and fell early 






( 57 

39 Ditto 



Do. 

1-3-22 

' 2 








i 50 

IS Ditto 

1922-23 

Original seed 

Stamens 

12-3-23 



9 

None 



and 

and 

2 


9 


Plants 


.stigmas removed 

18-3-23 



. 

” 

SMALL 







OWING TO 


Stamens removed 

12-3-23 


i 15 

None 

LATE ’ 



and 

2 

1 9 


PLANTING 



lS-3-23 


f 



Seed from 1921 

Stamens 

! 

12-3-23 


f 13 

None 


harvest 

and 

and 

2 

1 11 




stigmas removed 

18-3-23 


1 




Stamens removed 

12-3-23 



13 

None 




and 

2 


17 





18-3-23 









Ifc will l)(i seen tlint in 1921, 806 buds (distributed on 29 pliints) \v(>.rt« 
treated but 110 normal capsultis were formed. A sinj^Ie e.apsule. was bmnd tui 
one plant but as tlic bag had boon aeoideiitally torn this must bi* disregarded. 
The capsules after (‘astration were nob held by the jthud. bul wtu’e shed shortly 
after the operation. No seed was formed. In 1922, 2.S:> })uds (distriimU'd 
on 0 plants) were treated with similar results. Some of Ihe fruits began to 
swell slightly but these dropped olf before they iittained any size. iSimilarly 
in J028, 9f) buds (on 8 jdants) gave no capsules. 'Idius in the three years- 
J921 to 1922, 1,185 buds gave only one capsule (which was obviously due to a 
torn bag). Nicokiana Ttthacwni, var, Mirodafo, therefore, uiuh'r Indian 
conditions shoivs neither parthenogenesis nor |)a.rthenocar{)y. 'I’liis (‘.an 
scarcely he a,ttributed to any adverse effect of the climate on the varicf.y as 
good seed was obtained both under bag and from free-llowcriug plaids. 


III. Nxi^tmiMUNTS WITH NkiOTIANA TaBAOUM VA! 1 . i'vn.\. 

The results obtained with Nmdiumt. Tnba<mm, var. (.Uihu are given in 
Ta,bJe II. As in the case of N. TabacuiM var. Minuiuto, cultures were 
raised from the original seed every year. In 1922-2;b an additional milture. 
was grown from seed harvested in India in 1921. 


1'ablk IL 

licsnlia with Nkotiarm Tabacufm var. (Juba, 


Scasitn 

Oi'ijsiu oi 
(.'ultvirt! 

Niituiv i>f 
epcniliiin 

Date 

No. of 
plants 

No. of 
oajisiili'.s 
(riMtcd 
per plant 

.No. of 
iia pmtlch 
whii-lj 
dev;t'- 
lopcd 

No. of 
aeed-i 

wiiieh 

gei'- 

minated 

]!r!0-2t 

Lakgk 

WEtr, 

035VEL0P1O1 

PLAKTS 

t )n<i;iual sccil 

Stamoiih- 

iind 

sfcigmaw 

removod 

ia-4~21 

. to ■ i 

JS-to21 

i 

1 2:5 

li 

r/ 

;S 

t) 

to 

None 



1 ytanions 

1 removed 

13-4-21 

to 

18-4-21 


1 38 

21 

f 33 
] 17 

t 

20 

18 

20 

'ir, 

N'ntli- 


i ' 





. f7 •. 
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Table II — {cankl.) 


So; t St in 

Oi-igiu 111' 
cultufc 

Nature of 
o|»eratiuu 

Date 

No. of 
plamts 

No. of 
oiip.svdes 
treated 
Iier 
itlant 

No. of 

eapsnles 

whieli 

deve- 

loped 

r ■ 

No. of 
■seeils 
wliieii 
gcr- 

niinaled 

192.i-22 

Plants 

NOKMALLY 

DHVELUPED 

Originii 1 seed 
— contd. 

StHtneus 

aucl 

atigums 

removed 

24-3-22 

- 

I 3. 

1 

10 

None 



Do. 

2.0-3-22 

1 

38 

9 

» 



Do. 

2-4-22 

1 

23 

1.7 




Staiueiis 

removed 

22-:i-22 

2 

1 30 

) 

2i 

21 

None 



Do. 

23-3-22 

1 

48 

17 

- 



Do. 

2-4-22 

1 

20 

10 


l922-2;j 

Plants 

SMALL 
OWING TO 
LATE 
1'LANTING 

SGCCi 

Stamens 

and 

stigmas 

removed 

Staineus 

removed 




N(,>ne 

None 



1-4-23 

1 

0 



Seed f ft tin 1921 
hiirvest 

Stamens 

and 

stigmas 

removed 

20-3-23 

1 

13 

.None 




Stamen.s 
removed j 

24-3-2.3 

i 

1 

20 

.None 



It will be seen that the results obtained with this variety are very <lih(‘rent 
from those with var. Mirodato. In 1921, one hundred and ei<zhty-foiir buds 
(distributed on 8 plants) gave no less than 118 capsules. Moreover, some 
capsules were formed on all the plants treated. These capsules remained 
attached to the plant but were not quite so large as the normal fruits. The}’’ 



lY . Plawts from the ciio^s N. Tahacum vah. C'uha 
N. Tauahum vah. Miih^dato, 

111 tho casi! of the hybrid, (uiltiircis wen* grown from tiu*. <n‘igiii!d seed 
in 1.920-21 juid in 1921-22. In l922-2:> two c.ultureH were nused from SfM-d 
harve.sted in India in 3921 and in 1922. In boll) easea tliewj .s<'.ed plnnls laid 
been grown from Mrs. Haig Thomas’ original seed. .In addition, in 1921-22 
a culture was raised from sonic ap|jarcntly jiartlieiiugiinetic seed obtained 
in 1921. Seed was harvested from certain plants of this e.ulture in Mav 1922 
and sown in October 1922. 

The results obtained with the Jiybrid are a lit, tie more dillicult, to de;'<Tibe 
on account of the variability of the material. No statisth'.al cAaniination 
of tho morphological differences was made but the colour of the corolla, of the 
plants operated on was recorded. Three dillcreut colours occurred white, 
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were filled with structures which looked like seeds but wlne.h were suinewha.i 
smaller and much lighter Ixdh in wi'ight a.iid colour. They were al;a> easily 
erusluMl between the liugiirs. lilxaiiiiiiation show*‘d timi (lui seed coals wme 
empty. No seeds wnth embryos were luund in the [luriion tested, 'riie 
remainder was sown in boxes in Chitober 1921 with the gn'atest eai’e. Ndd, a 
single secfl germinated. At the same time, some of the original seed was sown 
and germinated well, in 1922, 119 similar capsules were obtained from 297 
treated buds (on 8 plants) and again every jilant produced i‘a.psuh‘,s. The 
seeds wore of tlio same nature as in tho jirevioiis year, lUxaminntion under 
the niicrosco])e, sowing in boxes in earth, and gm.'mina.tiou in Pelrii*. dishes 
showed no fertile seed. No capvsules were obtained in 1922 front IT buds 
(on 1 plants). At ihisti, therefore, it has not hetm po.ssible to obbtiti a.iiy 
purthiiiiogenetie seed from N. Tahiuum v:ii-. Uuhtt. 'I.'he phints, lu.nve.ver, 
exhilritcd marked |»artlienoca.r}>y. 

An examination of tint percitntagt* of jtiirtlu*noe.jirpiit fruils briiig.s 
out one interesting poini., muuely, an !i])pi».r('.nt e,<)nnee-ti<)n bel.wet'U tho 
vigour of the [ilaiit tmtl the number of eapsiiies formed. In 1920-21 
when the plants were exceptionally hu'ge and vigorous, the perei'utiige of 
fruits was (M. .Average sized jdauts in 1921-22 gave a. perct'utjige of hi. 
Tn 1922-22, owing l.o advttrse elimatic eoudil, ions, llie seedlings coidd not 
he transplanted until lattt in tin* season. The plants remaiintd poo?' and 
small in consequence. In this year no partheiiocarpic fruits at all went 
obtaineil. 
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pink and white with splashes of pink (termed parti-coloured in the Taide). 
The detailed results are given in Table III : — 

Table III. 


Results with the progeny of the cross N. Tubuenm Cuba $ x N. 
Tabacum Mirodato —seed collected by Mrs. Haig Thomas from 
F2 generation. 


StiiiSOH 

Origin of culture 

Nature of 
operation 

Date 

1 ■ ■ 

No. of 
plants 
and 

! colour 
iof corolla 

1 

No. of 
ciipsules 
per plant 
treated 

No. of 
Ga,psules 
which 
deve- 
loped 

No. of 
seeds 
whieii 
germi- 
nated 

1920-21 

Larok 

WELL 

DEVELOPED 

I'LANTS 
VAlOrniG IN 
MORHIOLO- 

GICAL 

CHARACTERS 
NOTABLY IN 
THE COROLLA 
WHICH WAS 
WIHTE, PINK 
AND WHITE 
SHADED 
WITH MNK 

Originiil seed 

iStamens 

and 

stigmas 

removed 

Do. 

Htamous 

removed 

Do. 

Do. 

21-3-21 

to 

2G-3-21 

21-3-21 

t<» 

20- 3-21 

21- 3-21 
to 

20- 3-21 

13-1-21 

21- 3-21 
to 

26-3-21 

2 wliite 

2 pink 

2 white 

same 

plaaits’!' 

2 pinlv 

f 41) 

1 30 

) 41 

i 31 

f 30 

1 =“30 

1 ; 

None 

1 

None 

2 

' 24 

4 

None 

Not 

t<}3ted 

None 

10 blown 
off by 
storm, 

S bar- 
vested 
gave 
g 0 0 d 
see d 
which 
germi- 
nated 

None 

1921-22 i 

Original seed 

Stamens 

12-3-22 

1 

1 pink 

39 

Very 




and 




small 


I’lants 


stigmas 




emptii 


NORMALLY 


removed 




(iupsuies 


DEVeOLOPED 










Do. 

24-3-22 

1 imrti- ' 

42 

None 






coloured 






Do. 

23-3-22 

1 white 

4S 







STUDIES IN INDIAN TOBACCOS 


Table III,-— (eow/rf. ) 


— contd. i 

removed 


Do. 

Soi'tl frill n * (j:ii\(’ 
]iiiilv, u'liite nml i 
|);iiii*iHiluuri;(l 1 
llinvdi'w 

tSlimieii.s 
a lid 

H(%mas 

nuuovc'cl 


Dll. 


Biiinieria 

rcMioved 

Do. 


Dll. 

iSeed Ilf 

Srnwii in J022 
fi’iim ('iiUiiri'-*- 


(1) Stril friim wliili 
Iliiuri'iMl pliinis 

iSfaiiieiiiii 

and 

Mti”ina,s 

rcimiviHl 


StinnenK 

rerunved 

(2) Seed fi’oiu jiink 
flmvcrod plimts 

Stani(*n,s 

and 

Mfiii'niaa 

ronioi-ed 

, ■ 


i Stainena 

1 removed 

(2) Soed friini parti- 
eolnnrod Unwfrs 

i StanieiiH 
and 

»ti,£;mas 

1 rouioved 


■ 

Stsimen.s 

removed 
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Table lTL--{cnndd.) 


Scasi m 

Ofigiii of culture 

Nature of 
operation 

Date 

No. of 
plants 
and 

colour of 
corolla 

No. of 
cap.sides 
per 
])lant 
treated 

No. of 
capsules 
whi(;h 

deve- 

loped 

No. . of 
seeds 
which 
germi- 
na.ted 

1922-23 
cnntil. 

Seed of plants 
oTown in 1921-22 
from original seed 

(1) Seed frotn pink 
flowered plajits 

Stamens 

and 

stigmas 
rein over! 














Stamens 

reinoved 

1-4-23 

1 

22 




(2) Seed from \vhit<* 
llowereil plants 

Stamens 

and 

stigmas 

removeil 

13-3-23 

1 3-3-23 

1 

1 

20 

MO 

- 




Stamens 

removed 

13-3-23 

2 

( 34 
] 17 

;; 



(3) Seed from parti- 
coloured flo\V(M'S 

Stamens 

and 

stigmas 

removed 

l-t-23 

1 

9 





Stamens 

removed 

1-4-23 

1 ' 

S 




Seed of plants 
grown in 1920-21 
culture 9 

Stamens 

and 

stigmas 

removed 

1-1-23 

1 white. 

12 

3 




Stamens 

removed 

1-4-23 

1 white 

S 

1 



(Culture 0 

Stamens 

and 

stigmas 

reinoved 

3-4-23 

I 

13 

None 




Stamens 

removed 

3-4-23 

1 

11 




Culture 410 

Stamens 

and 

stigmas 

removed 

19-3-23 

2 

1 .2 

11 

None 




Stamens 

remo\md 

j 

19-3-23 

2 

1 " 
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Altliouirh tliore was no a priori reason to suspeot a correlation ]‘ej'.\\a‘(Mi 
tilt' ccjloiir of the corolla, and partTienocarpy, nevertlieL.'Ss tlu' variously (a)!our('ii 
flowers differed in tlieir ladiaviour on this point. It will, therefoiv, |)(> he,s|, 
to deal so;])ara,tely with the three classes, na,nicly, thoR(‘ with pink, v'liite and 
parti -colourcfl corollas. 

Those with a pinh corolla resembling N. Tahacnm var. Mimdato will be 
considered first. Tn 1921, 146 buds (on 4- plants) gave no capsules. In 

1921, two [dants with 19 buds gave very small empty ca])siiles and ten ]>iants 
with 68 biids gave no capsules at all. A simihir ii(^ga.tivo result was obtniiuul 
in 1922-23. 

In 1921-22, 175 parti -coloured buds (on 4 plants) w'erc treated with 
negative ri'sults. In 1922-23 no plants with parti-<'oloured eoroilas ga,v<' 
fruits. Thus iii the. tliree years (1921 to 1923) no paiilienogencsis (x-eurred 
in plants v.'ith pink or parti-coloured corollas. Kliglit ])arthi‘nocai‘py was 
shown in plants with pink corollas but uone in those with [)art,i-e(>ioured 
corollas. 

The results obtained on plants with wdiite corollas arc somewhat dilTercuit. 
Here undoubted parthenocarpy and phenosperrny ocenrred. In 1921, out. of 
four plants treated, one with 40 buds gave no capsules, tbc second willi .‘lO 
buds gave one capsule, the third with 30 buds gave two (iapsuh's and Ihe 
fourth produced no less tha,n 24 capsules from 30 buds. Tlu^ ca.j>snh‘ giv('n 
by the second ]>lant was not examined. Tlie two capsules of the third ])in]i1 
wlien tested gave no viable seed. Of the 24- capsules given, by tlu; f’oiirfh 
plant 16 were blown o:fl’ in a storm and could not be examined. Migbf, 
however, were left. These had entirely the appearance of normal ca[)sules 
and contained good, sound, fertile seed. In vie\v of the otiicr r(‘siilts obtained 
this appeared so surprising that a month later seven additional l)udH w(?re 
treated and four capsules were obtained. These, however, wer(^ the ordinaiy 
parthcnocar])ic fruits and contained no fertile seed. Seed from tin* (‘ight 
apparently normal capsules was sown in the autumn of 1921. It germinated 
well and gave a large number of ])lants with variously eoloiircal corollas. In 

1922, 252 buds on six plants of this culture were treated hut no C!i])sul(‘s 
re.sultod. Similarly in 1923, 166 buds on ten plants from tlu' following genera.- 
tion also gave no capsules. Thus no confirmatory evidence of the. production 
ill 1921 of parthenogeni'.tic seed, was obtained, either by snbseipieiit casl rations 
on the same plant or in succeeding years from the prog(;ny raised from this 
supposed parthcnogcnetic seed. That the seed from a white flowiwc.d phiiit 
should have given rise to plants with variously coloured (.corollas is suggestive 
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oi; accidental cross-fertilization. Wliite flowers are generally rocossivi^. Tijo 
nnicli stress cannot be laid on this point as no genetic analysis of the ci’oss 
lias lieen carried out. It appears improbable, however, that in tlie total 
al)senc(i of any other indication of parthenogenesis in these investigatitins 
eight; well formed capsules should suddenly have been formed. On the other 
hand it seemed diflicult at first to conceive of any accident likely to bring 
about such a result. It is nevertheless possible that pollen fi:om a, neighbouring 
branch was blown on to the newly castrated buds and this seems the most 
probable. ex|.)lanatioii. The junior anthor responsible for this opei'ation was 
occasionally liable to interruption while at work. It would })e. (j|uite 
sirfficient to leave a newly castrated spray uncovered for a few mimites for 
pollination to be effected by the strong winds prevalent at Pusa in ]\Iarch, 

Leaving tliis case aside and returning to the rest of tlie white flowered 
plants we find that six or eight plants showed parthenocarpy. In 192(.) on 
three pla,nts from (17 buds seven capsules were formed. In 1922, one oiit of 
two plants gave seven capsules from 40 buds and in 1922-23 the only two 
plants used gave four capsules from 20 buds. No fertile seed was obtained, 
file contents of the capsules consisting of empty seed coats. Thus in tlie 
hybrid culture, plants with parti-coloured flowers gave no indications of 
jiarthenooarpy or parthenogenesis, plants with pink flowers resembling var. 
Mirodato gave a very sliglit indication of parthenocarpy in one year only, 
while certain plants with white corolla like those of var. C?f&a .showed distinct 
partlienocarpy. 

V. Summary. 

The results obtained may be summed up as follows 

(1) No evidence either of parthenogenesis or of parthenocarpy was obtained 
in connection with Nicotimm Tabaciim var. Mirodato although the number 
of buds treated during the three seasons was over 1,100. 

(2) Nicoiiana Tahacum var. Cuba showed parthenocarpy but no 
parthenogenesis. All the plants treated in 1920-21 and 1921-22 gave capsules 
but no fertile seed. 

(3) In tbe hybrid plants obtained, from the cross between the above 
two varieties, a certain amount of parthenocarpy was observed. This was 
always associated with a white corolla (similar to that of the var. Cuba 
parent) but the converse, namely, that a plant with a white corolla should 
always show parthenocarpy did not hold. Whether this correlation is more 
than a coincidence cannot be definitely stated on account of tbe small number 
of plants einjiloyed. 


10 


rtudier in mmAN tobaccos 


(•1) No cvidoiieo in iVivonr <ilT^:KK{s|K><‘d’s sug^ostion flun [uu'i lu'nu.ui'iic.si;: 
jni<j;!il d<‘^"t‘io|) with acf'liinfitixniion was ol)hiin('d. All llir t‘vid«-ii('i' ,•■(-(■!!!:: lo 
till’. otlicT way. It was. Iiowovim-, found tlial laryc, \'i.'..!,'oroi!a plani," 
,y;av(.‘ a hitjjji p(a-c<Mda.i>[o of j>a.i'tli('iK)oai-j>ic. fruits wliCT«‘a,s poorly ^r(>\yti pfatds of 
tbo same vari(‘ty f?ave none at all. This woidd indicale lliat in any fnlnre 
experiments tlie nutrition of the jairent plaids should he on<' of tlu' points 
considered, it might he po.ssihlo to induce jiarthenogmu'sis hy very licavy 
raaiiuring and irrigation. 

Under tin*, conditions obtaining at Pusa, thorefonn parthenogenesis eordd 
not ]je d(Utionstrated in these two v:rriet.ies of Nituil.id/ui. Jhu'tlumoearpy 
was found to oecnr in var. Cuba hut not in var. Aiiroddto. 

PlTSA, 


5. THR INHEKTTANCE OF CHARACTERS IN NICOTIANA 
RUSTICAL. 


BY 

GABRIELLE L. C. HOWARD, M.A., 

Sccoml Irnpcrial Ecnnomic Botanisi. 

[Received ftir piiblicatioji <m 20th Augiidt, 1923.] 

I. Introduction. 

Tur importance (,)!' Nieotidim rmfica L. to India is due to the fact that it 
will thrive in situations and localities \vlii(*}i are unfavourable to N. Tabacum. 
The greater vigour of the seeiHings, their rapid growth and the resistance to 
cold of the young j)lants are the chief factors which make this possible. Thus 
N. riiMicd is tlie tobacco almost exclusively grown in the Punjab, North-West 
Frontitir Province and in the Whstern and Central Districts of the United 
Provinces wliere tlie low temperatures of December and January prevent the 
successful cultivation of N. Tnhaeum.. For the .same reason, iV. rustica is 
cultivated in many of tlie colder parts of Europe, sucli as Germany and Russia 
where it would be impossible to grow N. Tabacum profita,hly. In Bihar, 
where both species do well, the proportion of N. rustica to N. Tabacmn vanes, 
with tlie rainfall. In years with a heavy August rainfall, the seedlings of the 
more valuable N. Tahacum are very often destroyed. In sucb years, the 
more quickly growing N, rustica replace.® N. Tabacum to some extent owing 
to its rapid development. Moreover, the seedlings of this species can be 
sown much later than those of N. Tabacum. The rapid growth of this 
species also accounts for its popularity in the villages of Eastern Bengal 
where it can be grown after the subsidence of the rain inundation 
Of the monsoon period. It is possible that the faculty of N. rustica 
to establish itself rapidly and easily is partly connected with the size of 
the seeds which are much larger than those of N. Tahacum. It is evident 
that, although iV. rustica is less valuable than iV. Tahacum, it occupies 
a definite place in the tobacco cultivation of India. In certain localities 
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it Cfuiiiot hft replaced by N. Tahacum. In improving the tobacco crop, Iherc- 
fore, (mill species will ha,ve to be considered bnt the itn[)rovement to be aimed 
at. will be somewbat ditl’erent in eacJi case. In N. Tahaoiwi tb<‘ tc'xtnrt* oi tiu' 
cured leaf is very im])ortant. In yellow flowered tobacco, tlu' leaves an; 
alwaj's thick and coarse and are used for purj)Oses sncli as snniT in wliic-b these 
cJiaracters are of minor significance. The improvements which must lx? 
aimed at are increased yield aiid vigour and better fla\'onr. 

Hyln’i dilation experiments on both species of tobacco (Ah Tahacimi and 
N. riiftlicii) were begun in J 908-09 with, the object of obtaining information 
on the mode of inheritance of the various characters. Tlie wm-lc has proved 
moi'(‘ on(?i‘<)us than wa,s expected on accounf. of the numerous factors involve<l 
and the large mindx'r of plants wliieh this iu?eessitates. (Considerations of 
tinif' and space ha.ve, therefore, made it im]»eralive. to eoiRauitraf on one 
species only, and, as N, Tdbnriiw is ihe more valuable croj), ihis lias been 
,seleefei.I foi' finiber work. Tin? results obtained iij) to tin? {iresmit with N. 
rnMica are, liowi'ver, of some interest and may jirove of use to fiiiure worktu's. 
As in tlie case of A'. Tabdctmi^ tin? characters are \'ery complex and the factors 
involved are numerous. In this jiaper, date of flowering, height, length of tin? 
pistil and stamens, form of the intloreseenee, and the imdiilalion of tlie leaf 
margin arc the cliaracters eonsidered. 

11. T[no OcicuRP.ENCE OF Parthenogenesis. 

Tlie possible tormation of partbenogenetic seed in various species of 
Nicolitwn has been investigated by many workers.-*- In no case has eitlier 
parthenogenesis or parthenoiairpy been shown to occur in Nirotiauu riMicu. 
Experimenls with this particular species have, liowever, not been very numer- 
ous. It was, therefore, considered advisable to make a detailed study of tlie 
Indian vaiieties witli regard to tbi.s point. 

A large uuinbor of experiments on parthenogenesis were made in Pusa in 
.1910 anti 1911. The conditions were as varied as could be devised and all the 
twenty Indian types ^ were employed. These include races in wbicli self- 
fertilization is normally impossible— -such as Type l--as it seemed jiossibji? 
that apogamy might occur more easily in siicli types. (Jastratiim of the 
flowers is easy but it is necessary to re.move the stamens at an early stage as 
the ai*hers often burst before the flowers open. In some cases, the anthers 

^ Wellington, 11., Anwr. NaU, Vol. 47, 1013, p. 279. 

“ Howard, A., and Henvard, «. L. C., Studies in Indian Tobiu-eo.s No. 1. Tin; types ol 
NkoUuna rudicu L. Mem. vj the IJej>, of Ayr. in h^Uiu, liotuiucal Herm, V(d. Ul, i'JlU,'p. 1. 
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only woco removed, in others botli stigma, and aiitliers. Yuuiig plaids, plants 
in full niat.urity and plants whicli were almost over but still eapable of forming 
seed, were used. In some individuals, side branches were chosen, in otlnus 
the main inflorescence. Tlie re.sult, in all cases, was the same. The coroll.-t 
rtmiained fresh for an alinormally long time, the ovary began to grow out and 
then dropjied. On examination, this enlarged ovary was found to contain 
iKj seeds. (Sometimes, the young ovaries were left exposed to the air after the 
corolla had fallen, but generally they were protected against accidents by 
covering the spray with a perforated bag. lii all cases, however, the immature 
capsules were shed wlnm less than half grown. An abnormal development 
of new buds ami flowers was observed on castrated inflorescences, whereas 
in inHoresoenoes in wliich flowers have been cross- pollinated, only a limited, 
number .of buds were Ibrmed. This would indicate, infertility of the. castrated 
ovaries and a consecjuent stimidus to the [)Iant to produce effective capsules. 
■In 1910. one or two plants of each ty])e. (flO to 40 jdants in all), were 
employed ; in 1911, ccutain selected types only. Tlie results of 1911 are given 
in Table 1. 

Table .1. 

Expenmenla on. the production of part he iiofje net ic seeds (1071). 


X uiubor oi ot 

biiclH capsules 

ciistnitetl obtiiiiicfl 


In hill fiowet 
and fruit 
Nearly over 
Tlwee-quarters 
over 

Three (luarters 
over 

In full flower 
and fruit 
In full vigour 
Fairty young 
In full vigour 


Ty])o inmiber 

Noi'inai 
inetliod (.(f 
pollination 

rype 4 .. 

Cross & self 


iki 

„ (i .. 

„ 8 .. .. 

Cross 

Cross & self 

„ 11 .. 

Cross & self 

„ J2 .. 

„ l(i .. 

Cross & self 
Cross & self 

„ 17 .. 

,18 .. .. 

Fi Type 1 xType 18 

Cross (& self 
Cross & self j_' 
Cross & self 


.11 plants 421 buds No capsules 

In both 1910 and 1911, not a single capsule or seed was formed and 
no evidence either of parthenogenesis or parthenocarpy could be found 
among the twenty Indian types when grown at Pusa. 
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ILL The ILkperimental 

The importauPt; of ahsoliitoly uniform onvironinontal poiuUtions iji 
iiiv^esti^atioiis dualiny with the iulioritatHie of the si}5e of or^jjaiis has been 
enipliasizied in a [u'evious paper^ on the genetics of N. Tahacuw, Tlie precaiU" 
tions, described in that pa];)er, were observed in the present S(*ries of ex])erl- 
luents and similar metlu)da of raising the experimental jdants were emjdoyed. 
The six parents were selected from among the twenty types previously des- 
cribed ^ Tiiese had l)een under ohs.ervation in the experimental area for a 
number of years. All the seed-dnnph)ylrh';:whether of parents or of hybrids 
was raised under parchment' bags." ‘The actfnil operation of hybridization is 
easy in this sp(‘eies but carl^.uml^,^i)e haken to remove (he stamens at an early 
stage as, in many (if.the. tyifes, 'fbeLantheVsf burst in the bud. To lemovt' 
the stiiriiens eh\Hit^yeb>h the em-olla on one side. In 

India, crossing can bVmoAlL'^HPPPSsfully if llie buds are castrated i)i the 

evening and if the stigmas areY»f)riTha,te(l daring tlH‘. following (iay. Want of 
space and time ha\e, unfortunately, kept the numlier of [)!ant.s under observa- 
tion smaller than was desirable, (ispoeially iu tbe ease of tlie }mrerjts. Tlie 
range of variati(jn i.n tbcs'c was determined eaeli year afresh. 

T'lie following crosses were made : — 

(1) Type 1 (tall) X Type, h (tail) 

(2) Type 1 (tall) >; Type 18 (short) 

(3) Type i (tall) X Type 10 (short) 

(4) Type 10 (short) X Type J5 (short) 

(5) Type 10 (short) x Type 17 (short). 

The full descriptions of these ty{)es wdll he found in the Aj)})endix (]t. 35). 

Jn all the cliaract(Hs except heiglit, tin* Fi wa.s intermediates hetwecii 
the two parents, in must cases ()ccu})ylng the position of tlu' exact average 
between them. These results agree with those previously' obtained in the 
case of N. Tahacum^< As regards the height, however, in all cro.sses, 
whether tali x tall, tall x short or short X short, the Fi plants were distinctly 
taller than either parent. On this point the results differ from those obtained 
previously with N. Tahaeum L. wdiere the Fi was often intermediate in height 
generally with a leaning towards the taller j)arent'k 4, 5, The ty])e,s usi*d in 


* Howard, <J, L. 0,, Mem. of the Dept, of Agr. in Batnnicnl ^^erien, Vol. \'J, p. 5 

■^Howard, A,, and .Howard, G. L. C., l.c. 

"‘Hayes, H. K., Bulletin 171, Conneclmit Agr. Exp. EL, 1912. 

•‘Howard, G. L. ti., l.c. 

® b’etchell, VV. A., Goudspeed, T. 11., and Clausen, B. E., Univerdlg of (JnUfornUt DuOlicutiun^ 
in Botmy, Vol. V, 1922, p. 46S, 



TYPE 1. 





PLATE II. 















TYPE 17, 








*1 TYPE 1 X TYPE 18. 





L'vj.m! 1 


Typt! is 


:!:.>•!>« 1 .■ 


i’, Tyf»,: 1 

Type IS .. 

l-\ ('ryii.;; 1 

; Typo 1.8) 'l.yp-,' 

Ci-yp': i 

; Typo IS) Typo 

Typo i(i 


Typo 17 


Fj Type 16 

X Type 17 . . 

Type 16 


TyiJC 17 


Fa T\i)e 16 

X Type 17 . . 

Type 1 


T’ypc 5 


.I.'\ Typo 1 ;•< 

Type 5 

Type 1 


Type 3 


Fa Type lx 

Type 5 . . 

Type 15 


Type 16 


F, Type 15 ; 

< Type 16 . . 

Type 1 


Type 16 


F., Type x ' 

rypo 16 

Type 1 


Type 16 


F, Type 1 x 

T^’pe 16 

F, Type l x 

Type 10 




Jaxuaey 

U-Ui la-lc. 17-18 ia-20 21-22 23-24 25-2« 27-28 29-30 31-1 

82 32 39 34 53 47 35 IS 10 5 7 2 


71 75 74 100 07 61 54 

39 40 44 4S 40 20 11 

4 7 12 45 32 39 39 


4 13 16 II 
34 29 is 13 


16 28 54 41 
2 . . 1 1 


3 5 3 3 1 

16 10 13 4 2 

54 55 47 35 18 


78 74 96 107 


51 20 31 60 46 62 79 71 46 34 23 

32 39 34 55 47 35 IS 10 5 7 2 


o4 55 47 35 IS 10 5 7 2 

1 5 8 26 25 34 29 IS 13 

14 46 46 48 34 16 8 5 2 


9 4 8 8 8 

11 10 20 16 24 

9 9 25 36 21 

3 16 5 9 


31 29 23 28 24 12 10 

26 20 1 8 7 4 2 


:i 26 20 1 8 7 4 

9 13 17 16 19 11 


i-15 16-17 18-19 
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tins inv(^stigation and some of the first generations arc shown in Plates 
I to IX. 

1. Time of Jloivering. 

The date of the opening of the first flow^er on each plant was taken as the 
criterion of this character. The examination was carried out each morning 
at approximately the same time and the number of plants flowering for the 
first time recorded. The absence of rain and the generally settled and uniform 
character of an Indian cold season make such observations easier and more 
trustworthy than they would be in a climate like Europe, where cloud and 
absence of sun might introduce irregularities. The observations are given 
in Table II. 

Unfortunately, on account of illness, these observations could be carried 
on to the Fg in one case only, namely, in the cross Type 1 X Type 16. The 
results are very similar to those observed in tlie case of N. Tah(tc/um^~- the 
Pi is intermediate between the two parents and the ¥2 shows a range greater 
than tlie combined ranges of the parents. In the F3, segregation takes place 
and the range of variation of the progeny of each P2 plant is different. As 
would be expected from the fact that the range of the Fa generation exceeds 
that of the parents, some of the plants in the F3 are distinctly earlier than 
either parent, for example No, 440. 

In Type 1 X Type 5, we have another case which the range of the Fg is 
much greater than that of the parents. The number of early plants in this case 
is especially marked. 

2. The leaf characters. 

The leaves of all the Indian types of N. rustica are characterized by a 
great unevenness or puckering of the surface, due to irregularities in the 
growth of the lamina between the veins. In some types, siicli as 17 and 18, 
this puckering is very marked while in Type 16 the leaves are almost but not 
quite flat. All stages of intensity occur among the various types but these 
undulations are never absent even in Type 16. In addition to this uneven 
puckering of the surface, there is in some types a very definite regular undula- 
tion or frilling of the margin of the leaf. This frilling of the edge is quite 
distinct from and is inherited separately to the iindiilatioiis of the general 
surface. No attempt was made to determine the mode of inheritance of the 
surface undulations luit observations w'ere made oji the relation batwee]r the 
frilled and flat margins in leaves. The two types used in determining the 
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inhoritaiKio of this uliarackT vviiie Typo 1 (Plato 1) witli a. wavy or 
edge aaid Ty|)o Hi (Plate V) in wliioh tlio edge is ja'antioaliy (lal. A. few undiihH 
lions appear in the pliotograpli but th<*se ai'e<lne io the uneven growth t)f ihe 
lamina itself, whereas the slight inululation or frilling in Tyjie 1 is eoniim.-d 
to the margin. The lf( was iiiterinediato between the two j »a rents ; tlie 
margin was Avavy but less so than in Ty[te 1. In t.he F 2 , jdants with frilled 
and flat margins Avere found in the following j^roportions - 



III tlie Fs, a large number of plants W(mv grown, Tlios(‘ in wliieh (lu' 
margin of tlie leaf Avas flat, hiA’ariiihly gave progeny with flal-niargiiu'd 
leaves. Some of those iti which the leaf margin Avas undulated lu‘(‘d (rue to 
this character. Others gaam rise to a mixed progeny consisting of platds with 
frilled and flat nuirgins in the ratio of approximabdy 3 : 1, 

It would, therefore, appear that there is only on<i factor iiiA^olved in (he 
undulation or frilling of the margin aiul thnX a flat edge is recessive' to a wa\'y 
margin. A similar result wa.s obtained in the ease of Ah Tuhdiunn.^ 

The shapt^ of tin; h;af has not hw'ii investigat'Cd in any great detail. It 
will be seen from PlaU's 1. to IX that the leaxu's of the Fi are generally inter- 
mediate in shape and size ‘between those of the pa.rejits and this is particularly 
Avell shoAAm in the iufloresce»iee' leaves. In the F^, a series is ohtaiiic-d in 
Avhich the geiKU'al outline, the size and tln^ ape.x all vary, Jn Pl.ite typical 
representatives of thejf 2 " '^wies-. in the cross Type 1 X Type IG are shown, 


^ 3. The Jloiver characiers. 

As regards the floAver characters, tbc Fj between any two types is generaJlv 
a perfect intermediate betAveen the parents. In Plate XI the parents and t he 
Fi in two eros.ses Type 1 X Type Id and Type 15 x Type IG are shown. In the 
sliape of the sepals, the shape and. size of the ctnolla,, t,he shape of tin' capsules 
and the position of the essential urgu.ns, the Fi is lialf-Avay })('.t.w(;e.u the two 
parental types. 

Th(i first point investigated Avas the relative lengths of the pisl.il ami 
stamens. In iV. rvstica, the stamens are jidliereid. to t he corolla amd tiie 
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rebifire jKJsitio]! of the anthers to the stigma ■^'a^e.s in the diii'erent typesd 
'rims th('. anthers may he ladow the stigma, at the same level as Ihe stigma or 
a.hove it. In ohservations on this character, it Ls best to carry out the examhia- 
tion of the flowers in the field. Care must he taken to use only those flowers 
which are borne on the main inflorescence and (jiily those flowers whi<*h o]jen 
during the real flowering period.^ In late-formed flowers or in fhnvers on 
late-formed side l.)ranches, the relative position of the stigma and anthers 
varies (amsidorahly. This jflienomeuon is seen in all the types. The general 
tendency is for the later formed flowers to have both anthers and stigjnas at tlie 
same level. The .stage in the develojjmeiit of the imlividual flower is also of 
importfuice ns the relative positions of the anthers and stigma change during 
development. It is advisable to use flowers which have just oi-iened fully 
and to carry out the examination in the morning when such ti/n\ ers are 
abundant. 

The first cross investigated was that of Type 1 Type 10. In Tyj)e 1, 
the anthers ixre far below the stigma, rendering self-fi!rtilizatiou, except by 
external a.gency, im|>ossibIe. In Type 16, the aiitliers and stigma arc approxi- 
mately at the same level. The TT is intermediate in character, tlie anthers 
being just hehnv the stigma as in the firsi;. generation of Type 1 X Type 18 
(Plate XI). In the plants resembling both paj-ents and also the first 
generation occurred. It was possible to separate those fojms vdiich resmnble 
Type 16 — those in which the anthers were at the same level as tlie stigma — 
from the remainder. It was not possible, howeve]', to distinguish hetwemi 
the forms resembling l\ype 1 and tlio.se which were like the first generation. 
Tlie following numbers were obtained iu an examination of two Fo eiilturos ; — 


Table III. 

Relative position of the anthers and stignai 'in the oj Type- I X Type 16. 


Total No. o,[ plants 

No. of plants with anthers 
below stignui 

No. of plants with anthers 
level with sligina 

528 

393 

135 

.■)1S 

382 

].3G 

in-iii 

775 

271 , ;; 

; ll.VTlo 

2-fJ 



iiowiird, A. and Howard, G. L. C., l.c. 

' East, E. M., Amer. Jour, of Botany, Vol. 3, 3.91U, p, 210. 


24 


studies in INDIAN TODACCOS 


Five plants were grown in the F 3 generation. Tlie, results are given 
below : — 

'rAELE IV. 

Helalkr. posilioti of the anthers mid stigma in the F[\ generation of Tgpe ./ 
Type 16. 


Culture 

Parent 

Fr, /i'enerfitir.>n 

A (II 

Antlier-s below the stijfina 

1S2 plants with ihe autliers below 
the stigma ; TO plants with the 
anthers lev(*l with the .stigma, 

A 127 

AnthevK he, low the stij^ma. 

120 plants, all willi the anthers 
Itclow the stauina 

A 1S2 

Anthers below the sliifma, 

lot) |)luiits, all with the aaathers 
helow the stiema 

A 440 

Anthers level witli the stigma 

90 plaiits, all witli l;lie aMthers 
* level with the stijiina, 

A 490 

Anthfifs lev(,4 witli the stigunr 

ISO plants, all with the anthers 

1 kn’'C!l with the HtimnU' 


The F 4 progeny of two ])]ant.s of A 127 were examined and, in all cases, 
the anthers were well below the stigma. It would thus appear that tlie 
difference in the relative ])ositioijs of the anthers and stigma in Type 1 and 
Type 16 is due to the existence of only one factor. Measurements were made 
of the length of the ]-)istil, of the corolla tii}>e and of the height of tlie anthers 
above the base of the corolla. .It was found that the length of the corolla 
tube and the lieight of the anthers above the base of the llowcn' was tlic same 
in both types but that the height of the stigma above the liase of the corolla 
was different. If thi.s differema; in the length of the pistil is caused by a 
single factor, the ic.sults obtained in the cross Type 1 X “^rype 16 arc 
explained. 

The next case investigated was that of the cross Type 1 X Tyjie 5. As 
stated above, in Tyjic I tlie anthers are well below the stigma. In Type 5 , 
o'n the other hand, they are markedly above it and their relative position with 
regard to the stigma resembles that in Type 15 in Plate XL In the Fi, tlu^ 
anthers were slightly above the stigma. In the .Fa, a scries was obtained witJi 
every transition between the two j>are,iit types. A few plants rt'semliled 
Type 5 and a few Type 1 but, in most, the anthers were eitJier just la^low the 
stigma, just above it, or at the same level, .hleasurements of the lk)W(,'.rs 
/fhowed that, not only was tliore a difference betw(!eii the hciglit of the stigmas 
above the base of the corolla, but that the height of the anthers and of the 
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Iciiift-.h of j,h(', corolla varied also. In Typo 1, the height of the aiitliers a, hove 
the has<i of the corolla is Id to Kra mm,, in Type 5, 15 to 15%5 mm. Here, 
there, fori'., a,t haist two factors arc concerned. This explains the series obtained 
in the Fo. As the difTeronces involved are small and the errors of measurement 
considerable, tills point was not followed any further. 

The other flower characters considered were the diameter of the calyx 
and corolla. The diameter of the calyx at its widest point was taken and the 
dia, meter of the corolla was measured just lielow the point of expansion of the 
c.orolla. t,uhe to form the limbs. It will be seen from Plate XI that Type' 1 
and Type 1(1 differ very markedly in these, characters. As mentioned above, 
Ihe- h'ligth of till', (‘.orolla tube is tlic same in both. Six typical flowers were 
measured on eiich [ilant of the Fo, The results agree generally with those 
obtained for other species of Ni.coli.ana by several observers. The range in the 
F^ covered the combined rane;e of both jiarents. The Work was not carried 
any further owing to th.(3 ddflicuity and labour involved in obtaining accurate 
nu'a,surements of such small dilferences. 

Table V. 

hihcntmiGe of the maximum, dkmider in corolla and calyx. 

Dianuier of the corolla. 


Type 1 .. 

. . Average diameter . . 12'0 mm. Range 

11-0 

mm. to 12’5 mm. 

Type IB .. 

.. „ , , 14‘0 mm, „ 

13-6 

min. to 14'5 ram. 


Pa Type 1 X Type 10 



Di!i,nK!tor .in iiuii. 

11-5 12-0 12T. 13-0 

13o 

14-0 14-5 

No. of plantB . . 

10 42 00 41 

25 

12 7 


Dmmetcr of the calyx. 



Type 1 . . 

,. Average diameterj . . 12‘3mm. Range 

11 ‘5 mm. to 13 0 mm. 

Type 10 .. 

„ •• 17'5mm. „ 

lO'a 11 

im. to 18'0mm. 


t’a Type 1 X Type 16. 



niameter in iinn. . . 

11-6 12-0 12-5 13-0 13'u 

140 

14-5 130 

Mo, of plant.': 

2 !) 16 20 30 

28 

21 22 


If, will be seen that the range in the F 2 covers the combined range of both 
])ar('.nfs hut is no greater. 

4. B eight of the 

It will be necessary to consider these two characters together as the 
form of the inflorescence materially affects the height of the plant. The 
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STUDl!':^ IN IMDTAN TOBAOOOB 


Indian fyiais of A’, nif^iko. fall into Ivvo wlin-li aa'c easily disl iiiynislicd 

i)i ihe Held (i) tall i)la.nts with an opiai habile a.nd lone inteniode.s, (2) short 
plants with short intenuxh's. That flu* dillerinna' in ln‘i,u'ht b-'twet'n iiiese 
two o-roups is du(i to the length of tin' intonn ales and not l<» (heir mnnber is 
sliown by the i'olloving Table : — 


Table VL 


Na. of inU'rnodn {.stem)^ and height {1911) 

. 


No. or iN'reuNoDK.'s 

AvllUViH IIKimiT 

TVPR 

.\veni.."(' 

Itaiiiie 

ein. 

Group I. (tall) .. Type 1 .. 

x’H'o 

27 to :?l 

ITn-H 

Type r> .. 

•J.Tti 

2:5 to 2S 

ir.1'0 

Type 1 :< 'I'yiie r> . . 

27T, 

2<i (o HO 

21 0-0 

Group rt (eshort) .. Type Ki ., 

2.S-U 

■ 

20 to tiO 

1011 

'I'y |)e 17 . . 

31 rO 

20 lo 02 

i02'o 

Ej Type. 11) ; : 'I’ype 17. . 

'Ht'O 

21) to 02 

111'? 

Type io ., 



2o to IP 

0.7' K 


Til the first group luh only are the inteniodes of the leafy poi'lion of the 
stem long but the infloreseene.e is also (‘xtendcd with long intermales. In the 
second group, tln^ internodos of the stem are always short lad the iidioreseenee 
mav be extended and open (Plate XV) or very eompaet (Plate VII). Tlnwe 
appear to be a number of intermediatf's ladaveen lhes(' two ('xireujes. hi 
addition to t-liis ditleri'iiee in the Imigth of the intermah's of the iixis of tin' 
infloresceiiee, the flowers tbem.st'lves mtiv hi* home jit long or short interviils 
on the branches thus giving an ajtpciiraiicc. of spsu'se. or (‘rowded flowering, 
Plate XII, on wdiich branches of certiiin typ(is ii-n* <IriiW'n to scab.', illustrates 
this point. jtlant with long inteniodes g(un*ndly hiis the cjipsules lar iijairt 
but this is not iilways the case, Ifor instiince, the proximity of the cajisules 
in Type 5 :intl in Type Ifl is much alike although fin* form of lln' iidhau'sccjice, 
depending on the length of the intornodes on the niiiin stem, is very dilTercnt 
(Plates XII, II and V). 

Tlu! wui’d fitem ia uaed in domAc the ioaf-boarinj; axis of tlio ptiuf u.s opposed to thn axis 
of the mtloreaoence. 
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Table VIl. 

Height Type 1 x Type 18, 


Cbntimbxees 




Irleight 

of 

parent 


Total 
No. of 
plants 

M 





77 

S2 

87 

'.)2 

1)7 

102 

lt)7 

112 

117 

122 

127 

132 

137 

142 

147 

152 157 

162 

167 

172 177 

182 

187 

192 197 202 207 212 




Typo 18 . . 



1 

2 

8 

13 

11) 

1!) 

4 

7 

2 

1 


















76 

98-4 ± -OS 

8-8 ± -62 

8-9 ± -61 

Type 3 .. 











1 

3 

11 

17 

23 

23 

22 

10 

11 

4 

1 









132 

142-0 ± -61) 

10-3 ± -43 

7-2 ± -30 

3.^ Type J. X Typo 38 


















1 

3 

1 

3 

13 

5 

7 

3 

3 

6 



49 

177-5 ± -54 

5-7 ± -39 

3-2 ± -21 

l!’s Ty]ie 1 X Typo 18 



1 


0 

7 

It) 

13 

18 

17 

12 

1) 

1) 

11 

5 

14 

27 

23 

32 

43 

51 

44 

30 

33 

IK 

16 

11 

9 

4 1 

474 

155-0 ±1-58 

29-2 ±1-12 

18-8 ± -72 

Type 1 X Pa /Tyjie 1 X 18) 











2 

11 

fs 

8 

17 

32 

33 

41 

31 

11) 

IS 

■ 5 

t) 

1 






232 

149-4 ± -58 

13-15 ± -41 

8-80 ± -27 

Type 18 X F;, (Type 1x18) 



1 

4 

■1 


8 

14 

1) 

1) 

1 


1 

1 



2 

V) 

- 

14 



6 


4 

i 

2 


2 .. 

117 

41 

4 

35-96 ±1-58 

26-64 ±1-17 

Type IS . . 





3 

It) 

37 

52 

11) 

23 

1 



















175 

102-9 ± -29 

5-92 ± -21 

3-75 ± -20 

Type 1 . . . . 












2 

3 

5 

11 

10 

17 

20 

21 

8 

2 









99 

148-2 ± -68 

10-05 ± -48 

6-78 ± *32 

Fa Type 1 x Type 18 

3:J8 

lie 


1 

12 


50 

31) 

15 


3 



















144 

98-6 ± -35 

6-40 ± -25 

6-49 ± -26 


7 

114 



It) 

22 

31 

38 

211 

1) 

3 


1 

















143 

100-5 ± -40 

7-21 ± -29 

7-17 ± -28 


8 

m 


1 


7 

2t) 

22 

21) 

38 

IS 

12 

5 

1 
















153 

105-8 ± -51 

9-43 ± -36 

8-91 ± -34 


le3 

125 


2 

.13 

12 

10 

28 

2tt 

17 

10 

S 

0 

5 

1 















138 

105-5 ± -70 

12-23 ± -49 

11-59 ± -47 


'm 

123 



2 

17 

23 

37 

31 

22 

13 

4 

2 

1 
















162 

98-3 ± -55 

10-39 ± -38 

10-57 ± '-39 


](1() 

113 





1 

3 

It; 

27 

27 

37 

11 

11) 

4 

1 














137 

118-4 ± -48 

8-37 ± -34 

7-07 ± -23 


221 

1,33 




t; 

3 

13 

23 

21) 

31 

30 

20 

12 

7 

8 

5 

I 

1 











189 

118-7 ± -62 

12-81 ± -44 

10-79 ± -37 


/)8 

147 







•2 

7 

10 

28 

20 

32 

18 

14 

4 













147 

128-3 ± *49 

8-94 ± -35 

6-98 ± -27 


.‘132 

144 








5 

12 

15 

23 

21) 

2!) 

25 

{» 

5 

2 

1 










155 

133-0 ± -54 

10-15 ± -38 

7-63 ± •29 


125 

11)3 



3 

7 

3 

0 


0 

11 

2 

1 

3 

4 

7 

1 

4 

r> 

14 

5 

15 

22 

13 

12 

11 

3 

4 

3 1 

175 

155-0 ±1-76 

34-80 ±1-25 

22-45 ± -SO 


llfi 

200 






1 

1 

It) 

11 

12 

5 

5 

4 

5 

4 

4 

4 

10 

11 

17 

24 

13 

20 

13 

10 

10 

4 .. 

198 

104-2 ± 1-3 

28-56 ± -96 

17-39 ± -58 






Total 
No. of 
X)lants 

Mean 

S. 1). 

C. (..f V, 


■ 

107 202 207 

212 


Type 18 .. 

Type I .. ■ 





70 

08-4 ± -fiS 

142-0 ± -(H) 

8-8 + -02 

8-0 -h 

■01 





132 

10-3 :h -43 

7-2 -h 

•30 







Fj Type 1 x Type 18 ^ 

0 




40 

177-5 ± -54 

0*7 :h -30 

3-2 4:: 

•21 

Fa Ty^e 1 x Type 18 

11 

0 

4 

1 

474 

155-0 4.1-58 

29-2 :;|:1-12 

18-8 4; 

•72 

Type 1 X Fa (Type 1 x ' 





232 

140-4 „b -58 

13-15 :fc -41 

M-Hi) [■ 

•27 







Type 18 x F^ (Type 1 x * 

2 


2 


117 

135-0 ±2-24 

35-0() ±1-58 

20-01 4; 

•17 

Type 18 . . . . • 





170 

102-0 i -20 

0*02 *21 

4" 

5*75 h 

•20 

Type 1 • 





00 

148-2 ± -08 

10-05 rl: '48 

0-78 

•32 

Fs Type 1 x Type 18 





1 144 

08-0 ± -35 

0*40 i: *25 

0*40 J;; 

•20 






143 

I 100-5 ± -40 

7*21 4: *20 

7-17 

■28 






153 

105-8 ± -51 

0*43 4: *30 

: 8-01 :.|:; 

•31 






138.' , 

105-5 ± -70 

12-23 ± -40 

11*50 rt; 

■17 






102 

08-3 -J:; -55 

10-30 i *38 

10*57 :.h 

'■30 






137 

11 8-4 '48 

8-37 4: -34 

7*07 :;h 

'28 






180 

118-7 ± -02 

12-81 i -44 

10*70 :h 

•37 






147 

128-3 ± -49 

8-04 ± -35 

0-08 4; 

•27 






155 

133-0 ± -54 

10-15 ± -38 

7*03 :t 

■20 

1 

3 

4 

3 

1 

175 

155-0 il-70 

34-80 :,hr25 

22*45,4: 

•SO 

3 

10 

10 

4 


108 

104-2 ± 1-3 

28-50 -J: -00 

17*30 4: 

-58,' 
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Five, crosses were made to investigate the factors concerned in the 
height : — 

(1) Type 1 X Type 16. 

(•2) Type 1 x Type 18, 

These two are examples of a cross between a tall plant with a very open 
inflorescence (Type 1) and a short plant in which the infior(*scence is crowded 
(Types 16 and 18, the inflorescence of Type 16 being a little more open than 
that of Type 18). 

(3) Type 1 X Type 5. 

This represents the union of two tall races, Type 5 being shorter and 
havinir a slightly more crowded inflorescence than the other. 

(4) Type 16 x Type 17. 

(5) Type 16 X Type 15. 

Ty[)es 16 and 17 arc both short (81 and 72 cm. in 1908) with crowded 
inflorescences. In the last cross, Ixjth parents are short (81 and 82 cm.) but in 
Type 15 the inflorescence is more o])en. 

The height of the Fi was, in all cases, greater than that of the tallest 
parent. In some cases this rliflerenee was small in amount; in olliors, 
notably in Type 1 X Type 5, it v/as relatively much greater. 

Short X short. 

Tlie case of tlie cross short X short (Type 16 X Type 17 and Type 16 X Ty])e 
15) will 1)6 considered first. These three tyj)es do not dilfer greatly in height. 
As stated al)ove, in both cases the Fi was distinctly ttdler than either parent. 
A large number of plants were grown in the F 2 generation. All were shoit ; 
nothing taller than the F( was produced in either cross. No extensive series of 
measurements wore made but the F 2 cultures appeared almost uniform and 
very like the parents. Tims, in these two cases short X short gave only short 
plants of approximately the same height as that of the parents and the Fj. 

Tall X short. 

The union of to/? X shoii {Type I X Type 18 aii<l Type 1 X Type 16) must 
now he considered and the cross Type 1 X Type 18 will be examined first.^ 
The results are given in Table VII, 
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STUDIES IH IKDIAN TOBACCOS 


The Fi wap; tiot only taller than Type I (tlie tall parent) hiii, the inflorcp; 
cence, was more open and the (lowers were more sparscdy home on (he hraiadit's 
(Plate IX). The Fy was a mixture of sliort and tall plants in wliieh (all })laii(s 
greatly preponderated. The range was the same as the eornhined range 
of the two parents and the Fn By far the largest munher of plaids had open 
iiifloresccnees. Compact inflorescences were only to he found on plaids 
approximating to the height of Type 18. All the tall or moderately tall 
plants had open inflorascences resembling Type 1. Tims a eoinpaet, inflores- 
c'once seems to be incompatible with very long stem irdernode.s. Th<>re were, 
however, short jflatite witli cpiite open inflorescences (like tied of Tyj)e 1) 
and plants of w'hich the inflorescences were intermediate in eharaefer us scdl 
as short, compact plants. There is, appareutly, not hing incoinpat ihlc la'twecn 
an inflore.sceiiee with long mflorescenee internodcs and short stem iidcrnodcs 
as tlie analysis of the existing types had already sliovs ii. Tin* foiiuwing is a 
graphic representation of the height of the pareids, and (d (he Fj .(nd hV 
generations in 1912. 



■f'r ufid (I<:neruU(m>'i of the, Tjfjir, l l< Tifpii IK. 

It wall be seen that tlie form of the curve suggi'sts a 1 to 2 ratio, the break 
occurring at about 130 cm. This is borne out by tlie. aetua! numbers UK; 
3513 which are practically tlicoretical. As the panad. (;u.rv(>s- slightly overlap, 
these numhers cannot be taken as strictly accurate Imt they do indieate thi' 
1 : 3 ratio. If the short plants only are taken into consideration, it is found 
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that the plants with an open or extended inflorescence form one-qiiarter of the 
whole number of short plants (29 in 118). 

The Fi was also crossed back on to both parents. From the union of the 
Fi with the tall parent only tall plants with open inflorescences were obtained, 
the range of variation ])eing approximately equal to the combined range of 
Tyjie 1 and the Ph. No ])lanta which could not be grouped with these were 
produced. When crossed back on to Type 18, however, both tall and short 
plants were f)roduced in approximately equal miinbers (58 short to 59 tall), 
with a distinct break in the series. The inflorescence of all the tall plants was 
ojjen but it variexl from open to compact in the short group. Iii this group, 
the jflants with an o[)en innore.scence again formed one-quarter of the whole, 
namely, 14 in 58. In Plate XTII, a tall plant, a short plant with an open 
inflorescence and a short plant with a compact inflorescence are shown. 

The simplest explanation of the above facts wmuld appear to be the 
following. Group I (tall) differs from group II (short) by a single factor L 
wiiich affects the length of the internodes both of the stem and of the inflores- 
cence and this character is com])letely dominant. As, however, short plants 
with open inflorescences occur, Type 1 must contain an additional factor GO 
winch only affects the inflorescence. In the presence of LL or LI this factor 
would not be apparent a.s all plants containing either LL or LI would be tall 
with open inflorescences. In the group of short plants, i.e., those containing 
LL the efibet of the factor GO w'onld be visible and all plants containing 
00 wa3uld have open extended inflorescences. The inflorescences of plants 
containing oo would be compact. The Fi 00 is apparently intermediate 
between compact and open with a strong leaning tow'ards the compact form. 
Further evidence on this point will be given wiien cross Type 1 X Type IG is 
considered. 

The results obtained by crossing the tall group of N. rmtica with the 
short group (i.e., complete dominance in the Fi and in the F 2 ^ 8 : 1 segrega- 
tion indicating a single factor difference) are similar to those obtained by 
w^orkers on other crops.h 2, 3 Emerson' showed that in the case of beans this 
single factor was connected with the habit of growth. The short beans w’ere 
determinate in their growth, the tall ones indeterminate. 

There is one other point wdiich requires mention in connection with this 
cross and that is the fact that the break, both in the curve of the F 2 and of the 
cross Type 18 X F^ (Type 1 x Type 18), occurs at 130 cm. whereas the limit of 

^ Mendel, G., Verhandlungen d. Natitrf. Ver. Briinn, IV, 18G5. 

^ Bate.W)n, \V., and Punnett, R. C., BeiMvt Evol. Com. Boy. Boc., 19US. 

® Keeble, F., and Pellew, C., Journal of Genetics, I, 1910, p. 47. 

'' Emerson, K, A., Bull. 7, Agr. Exp. Sia. of Nebraska, 1910, 
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tJi<; shoT-fc parent is ahoiit 120 cin. The break is quite (iistinet in botii ( uses 
aivi could not <K'Cur a.nywliere else. Two causes are probahly coiuuu'iual in 
this (I) the added vigour due to hybridisation as sliowii by llie Ifj (2) tlu! 
increase in height of the short plants which must result fnun tlu' pr('S('!K‘e of 
00 . 

The cross Type 1 X Type 16 will now be coasidered. In general, the 
results (Table VIII) resemble those of the la.st cross. The Fj was taller than 
Type I, the tall parent^ and had a very open inflorescence. In the bX. a serit-s 
of short and tall plants were obtained. All the tall plants lunl op('n inHoiH's- 
cences l)ut the short plants were a mixture of plants with open and conij)act 
intioresciences. The range of the Fg was slightly greater than On* coinbim>d 
range of both the parents and the Fj, indicating that Tyju* 16 (!oidains a factor 
not j)rc‘;-,et\t in Type 1. The second generation dot's nth givt* .sti clear an 
iiiflicatiori of a 6: 1 ratio lu'obably due to tlu; prtjscnce of this additional 
factor. 

No further observations on the relation of tall pl;uds to short wt're made 
in this case but. the inheritauct' of the form of the iidlort'seeuce was sludit'd 
among the grt)up of sliort plaid'-s. Five individuals were ehostui whicli ajtproxh 
matetl to the short parent (Typt* 16) in height but of which the form of tlie 
inflorescence varied, in the F:j, the following result. s were obtained (the 
detailed measurements of the height are given in Table VI 11 and tluf photo- 
graphs of the F 2 plants in Plate XIV). 


Table IX. 

Inheritance of the form of the 


Plant No, 

Fg geueratitiu 
l,''uriu of the itiMorescenee 

No. of 
pliinta 

P;j ,uen<n'!i.tion 

Jleighl and furin td' Ita- 
iuliorcsetnice 

A 440 

liiflorescenee open 

03 

lnflore.sccnec.s of all arc open 
and like the parent 

A 182 

Inflorescence open 

131 

liifloroscenees of all are open aini 
like the parent phuit 

4 127 

hiflorescenee intermediate 

ludweeu o])cn and eoinpact 

109 

Inliorcsccnci's imt miifni'in 

A (J1 

Infloreseenee iiitemediale 

b{;tn eeu open and compact 

259 

lnllofc.sc(‘ne<\s were a niixlnre of 
open, compact, .uid inU'nncdifi lo 
forms nwmhlinji (he j»arcnt 
pkint. Out of a total of 039 
plants t)2 plants were as 
compact as 'I’yja* iO living a 
riitio of 3'2 ,1 

A 41)0 

IiifloreHcence lutennedkte 

hetueen open and compact 

104 

Inlloroscenees were a mixture 
as above 
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Table Vlll. 

Beight Tgjie 1 X Type 76'. 




Height 

of 

parent 

Centjmbtebs 

Total 


, 

a ofv. 



67 72 

77 

82 

87 

92 

97 102 107 

112 

117 122 127 

132 137 

142 147 

152 

157 

162 

167 172 177 

182 187 

192 197 202 207 212 217 

222 227 232 

237 

plants 



Type 16 .. 






1 

3 

1 

13 

7 

6 

3 
















34 

104-6 i -73 

6-31 ± -5*2 

6*03 ± *49 

Type 1 .. 



















1 

5 

2 

4 3 

4 3 

.. 1 

1 



24 

175-3 ±1-58 

11-53 ± -99 

6*57 ± *57 

Fj Type 1 X Type 16 . 



1 .. 

1 


I 

2 

4 

8 

8 

(i 

12 

11 

12 

1 1 5 

14 

9 

13 

20 

18 

16 

26 22 

23 22 

29 13 

23 11 7 5 

3 1 .. 

3 

362 

165-4 ± 1-1 

32-86 ± -42 

19-87 ± *25 

Type 16 . . 





2 

4 

20 

22 

38 

to 

- 

2 
















109 

99-7 ± -43 

6-78 ± -31 

6-8U ± -31 

Type 1 .. 












3 

7 

21 

33 43 

31 

31 

28 

13 

9 

4 

3 .. 






226 

141-7 ± -52 

11*53 ± *36 

8*14 ± ‘25 

Fj Type 1 X Type 16 . 
















3 

2 

3 

9 

13 

17 

10 12 

2 .. 





73 

167-7 ± -78 

9*90 ± *55 

5-90 ± *33 

Fa Typo 1 X Type 16 . 

440 

? 


1 

1 

4 

r, 

13 

12 

12 

7 

8 
















65 

102-3 ± -77 

9*27 ± *59 

0-06 ± *58 


490 

104 

1 4 

18 

21 

20 

22 

20 

18 

13 

12 

0 


1 

1 .. 













163 

93-6 ± *67 

12*72 ± *47 

13-59 ± *50 


182 

140 


1 

0 

7 

23 

28 

28 

19 

11 

7 

2 















131 

100-2 ± -53 

9*01 ± *37 

8-99 ± -37 


61 

148 



1 

3 

4 

19 

38 

48 

37 

41 

22 

14 

13 4 

1 












245 

111*7 ± *47 

11*04 ± *33 

9*88 ± -29 


127 

144 




1 


1 



23 

17 

21 

ir> 

10 2 













109 

118*1 ± *64 

9*94 ± ‘44 

8*41 ± -37 

Type 16 .. 




1 

4 

10 

22 

10 

2 



















49 

91*3 ± *51 

5*33 ± *36 

5-83 ± ‘39 

Type 1 .• 











1 

1 

! 

1 

.. 1 


1 

3 

3 

3 








17 

144*7 ±2*58 

15*81 ±1*83 

10-92 ±1-12 

E*Typel X Type 16 .. 

490 - m 

no 

2 18 

30 

3i> 

27 

9 

1 




















131 

80-9 ± *38 

6*08 ± *26 

7-52 '± *32 V 


490 -118 

5)1 

.. 2 

5 

21 

42 

3(i 

11 

2 






.• 













119 

88*1 ± *35 

5*65 ± -25 

6*41 ± '28 


490 - 60 

103 

.. 6 

14 

11 

26 

22 

9 

10 

10 

9 

















117 

91*2 ± *67 

10*68 ± *43 

11-71 ± -47 


490 - m 

118 

.. 12 

14 

23 

16 

21 

16 

14 

8 

r, 

3 
















133 

97*8 ± *81 

13*86 ± ‘55 

14-17 ± -56 


490 - r,2 

128 




1 

2 

6 

8 

19 

36 

39 

10 


1 .. 













122 

111-9 ± *55 

9-06 ± *39 

8*09 ± '35 


440 - 34 

? 





r> 

4 

3 

13 

30 

30 

26 

12 

2 .. 













125 

115-0 ± *52 

S-54 ± *38 

7-54 ± -33 
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From tlu.': a})()ve tahh^ it will be seen tliat in tln‘ F 3 the two plants A MO 
and A 132 with open infiorescenccs bred true to an open inflorescence. A. M() 
was coui iniied into the F 4 when a uniform progeny of 125 plants, all with open 
iuflor(*scenees, was obtained. The plants A 127, A 01 and A 190, in wliirdi the 
inflorescence was of an int'erinediate character, all gave mixed progenies with 
o})en, compact and intermediate inflorescences. In the single case in which a 
count was made, the plants with compact inflorescences formed al'jout one 
quarter of the whole. 

One plant of the culture A 410 and five plants of (uilture 490 were grown 
in the F 4 generation. These five jilants included one in which the inflorescence 
was f)pen, two in which it was compact and two in which it was interinc'liate 
in form. The first plant bred true to an open inflorescence. The two compact 
plants also bred true but dilfered slightly from one another, A 190~11S 
resembling Type 1.0 while A 190-53 was still more com])act. The two indivi- 
duals with intermediate inflorescences gave mixed progenies. These results 
are summed up in Table X and three of the parent plants are shown in 
Plate XV. 

'fARLK X. 

Form of the injloresconca in- the F 4 ifeheratioa. 


Plant No. 

Fa generation 

Form of tlie inflorescence 

No. of 
plants 

M generatitin 

Height and form of inflorescence 

A 440-34 

_ Open 

125 

lnfl<.)resceiice all open. Height 
uniform 

A 490-53 

Comiiact 

131 

]'nflorescenee.s all compact, 
lleiglit uniform and .shorter 
thiiti in Type 10 

A 490-118 

Compact 

119 

i 

Inflorescences all comiract. 
Height uniform and equal to 
Type 10 

A 490-50 

Open 


lnflore.scence3 all open. Height 
imiforra and greater than in 
Type 16 

A 490-00 

Intermediate 

117 

Infloresccntios a mixture of open, 
com])act .and intermecliate 

forms. Heiglit: not uniform 

A ‘190-65 

Intermediate 

133 

Inflorescences a mixture of open, 
comjJa.ct and intermediate 

forms. Height not uniform 


The question of the height of these short plants iinist now be considered. 
Xu the Fij generation none bred true to this character with the possible excep- 




and A l<S:i witli open iufloresc^uicos bred true to an o])t‘n indorerfcenoe. A 4-JO 
was eontiiuu3d into the F 4 when a uniform [)rogeny of 120 plants, all witli ojien 
infioresoencCvS, was obtained. The plants A 127, A hi and A -190, in which the 
inflorescence, was of an intermediate character, all gave mixed progenies witli 
ojien, compact and intermediate inflorescences. In the single case in which a 
count was made, the plants with eorapact inflorescences formed a liout one 
quarter of the whole. 

One plant of the ciilture A 440 and five plants of culture 490 wm’e grown 
in the F,j. generation. These five plants included one in which the inflorescence 
was ojien, two in which it was compact and two in which it was inteTinc liate 
in form. The first jilant bred true to an open inflorescence. The two compact 
plants also bred true but differed slightly from one another. A 490-1 18 
resembling Type IG while A 490-53 was still more compact. The two indivi- 
duals with intermediate inflorescences gave mixed progenies. These results 
are summed up in Ta,ble X and three of the parent plants are shown in 
Plate XV. 

Table X. 


Form of the injiorescence in the generation. 


Plant No. 

P'a generation 

Form of the inflorescence 

No. of 
plants 

F 4 generation 

Height and form of inflorescence 

A 440-34 

_ Open 

125 

Inflorescence all open. Height 
uniform 

A 490-53 

Compact 

i:u 

Inflorescences all compact. 
Heiglit uniform and shorter 
tlian in Type 16 

A 490-118 

(Jompact 

119 

■ 

Inflf.iresceuces all compact. 

Height uniform and equal to 
fl'ype 16 

A 490-56 

Open 

,122 

Inflorescences all open. Height 
uniform and greater lhan in 
Type 16 

A 490-60 

Intermediate 

i , 117 

i 

Inflorescences a mixture of open, 
compact aud inlormecliale 

forms. Heiglit not uniform 

A 490-05 

Intermediate 

i 133 

Inflorescences a, mixture of open, 
compact and intermediate 

forms. Height not uniform 


The question of the height of these short plants must now bc' considered. 
In tlie generation none bred true to this character with the possible excep- 
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tioii of A 127. In the F4 an interesting result wtas obtained. Tlie two eultures 
of whif'li tlio infioreseenees were compaot, namely, A 490-53 and A 490-1 18, 
were grown in long lines next to the parent ty[)€vs. (Culture A 190-53 was 
uniform and decidedly shorter than Type 10. This observation was confirmed 
by direct measurement (see Table VIII). The averag(‘ height was founil 
to be 80-9 cm. wdioreas that of the parent type was 91 -3 cm. The low value of 
the co-elficient of variability points to probable uniformity. Culture A 490-118 
was also uniform in height but resembled Type 16. We have thus obtained 
not only a uniforni culture resembling Type 16 but also one about 10 cm, 
.sliorter. The inflorescences of both cultures were compact but while flint of 
A 490-118 resembled Type 16 in being slightly open, the inflorescence of 
A 490-53 was very condensed like that of Type 18. It, therefore, apjx'ars 
pro])al)le that Ty])e 16 contains some factor P capable of converting a atu-v 
compact infloroscLMice into one slightly more open but yet compact. This 
factor is absenfc both from Type 1 and from Type 18. This would agree 
with the experimental results. In the of Type I (LLOOpp) X Ty])e 16 
(llooPP) there would be 25 per cent of short plants, of these one quartm- 
would possess 00 and have an op(m inflorescence while the iufloresmmces (d' 
the rest would all be compact but to varying degrees. In livid uals 
possessing the constitution lloopp and lIooPP would breed O'ue but woulil 
differ in appearance from one another. 

As regards the cultures with open inflorescences, both appeared uniform 
in the field and taller than Type 16. Table YIII shows that they were probalily 
* uniform- with an average lieiglit of 111-9 cm. and 115-0 cm. respectively, 
whereas the average height of Type 10 was 91-3 cm. In considering the 
height of each culture, however, the form of the inflorescence must b(' eonsi- 
dereil also. It was noticed that in mixed cultures containing all three forms of 
inflorescence, thejflants with' open inflorescences were invariably taller than 
those with compact inflorescences. The factor, which by lengtliening the 
main stem of the inflorescence causes this to appear open j)roduees an addition 
in the height of the plant without nece.ssarily affeetiug the length 01 the Jeaf- 
bearing portion of the stem. 

Tall X tall. 

The cross tall x tall (Type 1 X Type 5) was not investigat(‘d very fully. 
Tlie Fj was much taller than either parent and the range of the F^ wa,s greater 
than the combined range of both the parents and the Fj. It would thus seem 
[irobable that Tyjie 5 contains certain factors which are not prest-nt in Type 
1, The investigation of this cross appeared somewhat complicated and was 



X TYPE 16. 
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aot pursued for want of time. Altliougli included in tlie group of tall types, 
Type 5 differs markedly both in height and in the form of inflorescence from 
the other four types. To o])tain a simple case of tall X tall, Type 1 should 
have been crossed with one of the other members of the group. 

Many more detailed investigations are necessary to complete the analysis 
of the factors concerned in the height of the plant and the form of the inflores- 
cence. The above data, however, appear to show the existence (1) of a factor 
LL which converts a short plant of any kind into a tall plant with an open 
inflorescence and (2) a factor 00 which affects the inflorescence only, converting 
a compact form into an open one. The existence of two compact forms, 
differing from one another but yet breeding true indicates the existence of other 
factors affecting the inflorescence. 

IV. Summary. 

The experimental results given above appear to justify the following 
conclusions : — 

1. Neither parthenogenesis nor parthenocarpy were observed in the 
Indian types of N, rustica. 

2. In the the value of all the characters (except height) is interme- 
diate between those of the parents. The average height of the plant in the 
Fi was greater than that of the tallest parent in all the cases investigated. 

3. A frilled leaf margin is dominant to a smooth edge and is caused by the 
presence of a single factor. A similar result has been recorded for N, Tahacum. 

4. The relative position of the anthers and stigma and consequently the 
method of pollination is influenced by factors affecting the length of the pistil 
and that of the filaments. In the cross — Type 1 (anthers below) x Type 16 
(anthers level)-- the difference was shown to be due to a single factor which 
influenced the length of the pistil. In another cross — Type 1 (anthers below) 
X Type 5 (anthers above) — at least two factors were involved afleoting both 
the length of the pistils and of the filaments. 

6. Measurements of the calyx and corolla showed that the was the 
exact intermediate between the parents. The F 2 gave a series with a range 
of variation equal to the combined ranges of the parents. These results are 
similar to those recorded for N. Tahacum. 

6. The difference between the tall and the short types of N. rustica is 
due to a single factor L which causes elongation of the internodes of both the 
stem and the inflorescence, There are probably other factors affecting the 

' ■ 3 ' ■■ 
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heig’Lt of tlie' ty[)ef; of tlie tr/o groups iMer se,. Many of tlioso. aro comieoicd 
with the form of t(ic iofl^uesceuce. Tho number of internodes is not signilicanl. 
in tlie division between tall and short types. 

7. The form of tlie infloresnence is due to factors affecting the length 
of the internodes of the main axis of the inflorescence and also the proximity 
of the capsules on the branches. These factors influence the inflorescence only. 
Tn two cases, a single factor 0 was found capable of coiwerting a compact 
inflorescence like that of Type 18 into an open one. Indications were 
obtained of the existence of another factor P capable of converting a verj^ 
comjiact inflorescence like that of Type 18 into one which is slightly more 
open such as that of Type 10. It is ap]iarently impossible to obtain a 
compact inflorescence if LL or LI is present but both open and coinjiact 
inflorescences are found in their nltsence. The presence of 00 makes a 
ilistinct difference to the lieiglit of tlie jilant. 


APPENDIX. 


Desoriptions of the Types used in Hybeipization. 

Tyiie /. Plants early, tall with long internodes, height 135 cm. Leaves 
inserted at an angle of about 60°, the lamina afterwards curving towards 
the ground, sub-cordate ; apex more acute than in the other types of this 
group ; margin very undulate and curving upwards ; surface somewhat 
puckered ; colour dark blue green ; average length of petiole 7 cm. ; average 
length of lamina 29‘5 cm. ; ratio length/breadth 1-13. Inflorescence leaves 
inserted at an angle of about 46°, elliptical to lanceolate ; apex acute ; margin 
undulate ; surface flat. Inflorescence open ; the secondary branches long and 
slender, almost as long as and running somewhat parallel to the main axis. 
Flowers sparse, medium in size \ outline straight, no apparent constriction, 
Galyx somewhat dark green, tubular ; midrib of sepals well marked ; teeth 
long and pointed. OoroUa with very distinct lobes ; limb never flat or fully 
expanded ; apiculse conspicuous. Gapsule medium in size, a little longer 
than the calyx, round ; apex rounded, scarcely umbilicate. 

This type is not adapted for self-fertilization. The stamens are shorter 
than the style throughout the period of development of the flower, and it is 
only by shaking or by the agency of wind that self-pollination can be effected. 
If left to themselves, many of the flow^ers drop and but few capsules are 
formed. Artificial pollination and crossing with another type were uniformly 
successful. 

Type V. Plants early ; tall, height 107 cm. Learns inserted at an angle 
of 60° ; sub -cordate ; apex obtuse ; margin undulate ; surface somewhat 
puckered ; colour blue green ; average length of petiole 7 cm. ; average length 
of lamina 24*6 cm. ; ratio length/breadth 1*09. Inflorescence leaves inserted 
at an angle of 45°, sub-cordate to ovate ; apex obtuse ; margin very slightly 
undulate ; surface flat. Inflorescence open ; secondary branches shorter than 
the main axis and not parallel to it. Flowers somewhat sparse, small in size ; 
outline shows a decided constriction. Calyx somewhat globular ; midrib 
of sepals fairly prominent ; teeth somewhat acute. Corolla with distinctly 
divided limb, which is quite flat and fully expanded ; apiciilae well marked. 
Capsule medium in size, conical, about two-thirds covered by the persistent 
calyx; apex not umbilicate. 
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Type V is adapted for self-pollination. Wlien the flower opens, tlu-, 
antliers are well above the stigma and completely cover it, making cross- 
pollination almost impossible. 

Type XV. Plants late, very bushy partly owing to the comparatively 
large size of the inflorescence leaves ; short with short internodes, height 82 cm. 
Leaves inserted at an angle of 45°, sub-cordate ; apex obtuse to rounded ; 
margin very undulate ; surface very puckered ; colour dark blue green ; 
average length of the petiole 9 cm. ; average length of lamina 21 cm. ; ratio 
length/breadth -98. Inflorescence leaves inserted at an angle of 30° to 45° 
and resemble the lower leaves in every way but are smaller. Inflorescence 
neither very compact nor very open ; side-shoots long but not as long as the 
main axis. Flowers crowded, slender. Calyx tubular ; teeth obtuse. Corolla 
with a very slightly divided limb which is flat : apiculm inconspicuous. 
Capsule small, rounded, almost covered by the persistent calyx ; apex blunt 
and not umbilicate. 

In this type self-pollination is predominant, the stamens are raised well 
above the stigma and completely cover it when the flower opens and the pollen 
is being shed. 

Type XVI. Plants late ; dwarf, compact, height 81 cm. Leaves inserted 
at an angle of nearly 90° standing out horizontally from the stem, sub -cordate ; 
apex obtuse ; margin flat ; surface flat ; colour light yellowish green ; average 
length of petiole 7 cm. ; average length of lamina 32 cm. ; ratio length/breadth 
1‘19. Inflorescence leaves inserted at an angle of 45°, elliptical ; apex obtuse ; 
margin entire ; surface flat. Inflorescence compact but slightly more open 
than in Types XVII and XVIII. Flowers crowded, large. Calyx loose and 
baggy; teeth short and obtuse. Corolla with a very slightly divided limb 
which is flat and fully expanded ; apiculse well marked. Capsule medium 
in size, round, almost covered by the persistent calyx ; apex blunt and 
umbilicate. 

In this type both cross and self-pollination are possible, the stamens 
being approximately equal in length to the style. 

Type XVII. Plants very late ; dwarf, compact, height 63 cm. Leaves 
inserted at an angle of 45° to 60°, sub-cordate, almost ovate ; apex rounded ; 
margin very undulate ; surface very puckered ; colour somewhat light green ; 
average length of petiole 9 cm. ; average length of lamina 34 cm. ; ratio 
length/breadth 1’05. Inflorescence inserted at an angle of about 60°, 
elliptical ; apex rounded ; margin very undulate ; surface very puckered. 
Flowers crowded, large. Calyx loose and baggy ; teeth short and obtuse. 
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witli a very slightly divided limb, which is crumpled; apiculas 
inconspicuous. Capsule large, somewhat conical, two-thirds covered by the 
persistent calyx ; apex rounded and umbilicate. 

This type is adapted both for cross and self-pollination, the stamens 
being approximately equal in length to the style. 

Type XYllI. Plants late ; dwarf, compact, height 72 cm. Txams 
inserted at an angle of 45° to 60°, somewhat orbicular ; apex obtuse to 
rounded ; margin very undulate ; surface very puckered ; colour dark blue- 
green ; average length of petiole 9 cm. ; average length of lamina 28 cm. ; ratio 
length/breadth 0'97. Inflorescence learns inserted at an angle of 45°, ovate or 
broadly elliptical ; apex obtuse or rounded ; margin very undulate ; surface 
very puckered. Flowers crowded, large. Calyx tubular and loose ; teeth 
short and obtuse. Corolla with a slightly divided limb, which is flat and 
fully expanded ; apiculee inconspicuous. Capsule large, round, almost 
covered by the persistent calyx ; apex blunt and umbilicate. 

In this type both cross and self-pollination are possible, the stamens 
being approximately equal in length to the style. This is a vigorous, very 
large-leaved type and is very like Type XVII, but the leaves are shorter, 
more orbicular, darker green and thicker. 




THE WILT DISEASE OF SAFFLOWER. 


BY 
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[Received for publication on 15th October, 1923,] 

The safflower {OarthamMs tinctorius) is grown in many parts of India. 
In the United Provinces, it is grown as a winter crop largely in the Bulandshahr 
and Meerut Districts and in small quantities in the eastern districts either 
as a mixed crop or along the borders. 

The increasing economic importance of the crop in India has stimulated 
its extensive sttidy at all quarters. Howard and Remington^ have shown 
its economic value on account of the oil and the dye it yields. 

The wilt disease of safflower was for the first time observed at Pusa in the 
winter of 1920 when the crop was badly affected at tlie flowering time. Later 
on it was also found at Sanlcni in the district of Bulandshahr. The cultivf - 
tors hold that the diseuvse is of more common occurrence in years of abundant 
rainfall. I’liis is but to be expected when we consider the life-habits of the 
causal organism. 

The extent of the damage varies according to the character of the season 
at the time of infection. 

The number of plants affected in the fields at Pusa was as high as 30 per 
cent, in some of the varieties, practically all of which were involved. The 
disease was brought to notice only when a large number of mature plants began 
to show si.iddeii wilting ; therefore it was not possible to make observations 
as to how the disease progressed in the field. 

Sporadic cases of wilt were known to occur in the safflower crop every year, 
but 110 serious notice was taken of it. Although the plots which were badly 


^ Howard, A., arid Remington, J. S. Pusa Agri, Res. Inst. Bull, 124. 
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affected were not under safflower in tlie preceding sea, son, I, he fiingu.s migl.it 
have h(^en present in the crop wliicli was grown tluwe tlie year l)e.[(.)r{^. The 
fungus also a,ttacks varieti(^,s of otlier crops and wiuvls a,nd through them 
it can be carrieil from year to year ; at the same time tlie iideetive material 
in the form o.f sclerotia is increased considerably which causes the (lisease to 
spread over increasingly wider areas. 

It is difficult to formulate the exact conditions which led to a severe attack 
at Pusa in 1919-20. Ploughing in of the stubbles of the previous crop might 
have increased the infective material considerably. The favourable tempera- 
tures of between 50°-60°F. in January and February combined with high 
humidity accompanying a rainfall of 1’7" in February and I’ll" in March 
f<avoured the growth of the fungus and resulted in the severe damage observed. 
The earliest cases of wilt were noticed in a few plants towards the end of 
January. 

Symptoms. 

The wilted plants have dense white growth of mycelium at their bases. 
Large black sclerotia are produced just below the soil level, on the surface of 
the crown and roots. These are very loosely attached, so that the plants have 
to be carefully pulled up to get the sclerotia in position. The sclerotia are 
also produced inside the stem (PI. I, fig. 5). In the diseased crop at Pusa 
an apparently healthy grown up plant showed the next day a little yellowing 
of the leaves and very quickly the whole plant dried up. The cortical tissue 
in the lower part of the stem came ofi into shreds. A characteristic feature 
of tlie diseased plant at an advanced stage was the ease with which the flower- 
heads broke off from their stalks, leaving behind an outer involucre of bracts. 
In a healthy plant, on tlie other hand, the flower-heads are firmly attached 
to the stalks and cannot easily be separated. This condition was due to the 
development of a large black pear-shaped sclerotium in the thalamus of the 
flower (PI. Ill, fig. 3) and the thalamus changing into a powdery mass. 

The attacked plants in some cases resisted wilting and produced apparently 
normal fruits. These fruits, however, at maturity, were found to contain 
either no seeds or only defective seeds. 

Cultural chaeactees. 

The mycelium is of the typical Mdzactoma form showing the usual constric- 
tion and septation in branching (PI I, fig. 1). The cells in young culture show 
a great variation in their size. They are from I15/i to 190/i in lengtli by 16^ 
to 21/m in breadth. The first septum is usually formed at a distance of 20/^ 
to 47/i from the parent hypha. 
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Tlie sclerotia are very irregular in shape (PI. I, fig. 5), varying from round - 
ish to elouga.te. They are thick solid bodies about 2-12 mm. long. Tliose 
formed at the bases of flower-heads have in majority of cases a curious pear- 
shaped appearance, after the shape of the conical thalamus (PI, 111, fig. 1). 
The sclerotia begin as white hard spots in the mycelium ; the outer surfaces 
afterwards turn black. Drops of a clear shining liquid are very prominent 
on the developing sclerotia and can be seen even after they have blackened. 
The sclerotia are formed on the surface of the mycelium from which tJiey can 
be easily detached. Usually they have a covering of a semi-persistent thin 
mycelial membrane. Their outer surface is somewhat rough. Thi^ inferior 
is formed by not very compactly interwoven hyphae and thus when placed in 
water they float for a time. The outer two or three layers of the sclerotia 
appear brownish black while the interior is white (PI. I, fig. 6). Often the 
recently formed sclerotia, in artificial cultures, show a very faint tinge of pink 
inside. 

Peculiar tufty branchings (PL I, figs. 3, 4) are frequently formed in cultures 
of the fungus especially in glucose agar medium. These are seen at the edges 
of the slant cultures where the mycelium comes in contact with the surface 
of the glass. These branches are comparable to the branchings of Botrytis and 
Sclerotinia described by Smithi and may similarly be called the organs of 
attachment or appressoria. 

Perfect apothecial stage has not been obtained so far. The sclerotia 
placed in moist sand and sawdust did not produce any apothecia. In a few 
cases, however, where they were sown on ordinary moist earth in a large 
petri dish the sclerotia gave out brownish outgrowths, about 4-10 mm. long, 
which developed distinct apothecial cups at their tips (PI. I, figs. 2, 7), but 
inspite of every care they shrivelled up before any asoi were produced. In 
cultures on corn, oat, wheat and bean-meal agar, there was sometimes develop- 
ment, from the surface of the sclerotia, of slender stalks either singly or in large 
numbers measuring as much as 2 cm. in length (PI. II, fig. 4 : PL III, fig. 2). 
They remained sterile till they dried up. Light appears to have little effect 
upon the development of these stalks. 

No apothecial outgrowths could be found even with frequent and careful 
search in the fields, throughout the year. 

A distinct spore form occurs in cultures 9 or 10 days old. The fertile 
liyphse bear conidiophores as simjjle branches which may rej)eatedly branch 
to form a cluster of sterigmata (PL II, figs. 1, 2). These bear conidia at their 

^ Smith, ii. E. Botrytis and Sclerotinia ; their relation to certain plant clirfeases and to each 
other. Bot. Gaz.> p. 29, 19UU. 
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tips in chains. The coiiidia are frnni 3-3‘5/a in diiimeter, liyalincj with usually 
a highly refractive granule inside. Such spore form is alwa 3 ^s abundantly 
produced in l)can, corn, wheat, oatmeal media, while the glucose agar .medium 
although showing luxuriant growth of mycelium docs i}ot seem very suitable 
for it. The fungus does not grow well on safflower seed medium. Tliest; 
conidia could not be made to germinate. They failed to germinate in water, 
1 per cent, glycerine, I per cent, cane .sugar, turnip juice, horsedimg solution, 
cowdung solution, and safflower leaf juice either at the ordinary winter tem- 
peratures of 20®-22°C. or at the higher temperature of 37°0. Efforts on 
glucose agar medium were equally unsuccessful. 

Pathogenicity. 

Germinating seedlings inoculated witli bits of hyphi,e from a pure culture 
rotted very quickly, forming copioiLS mycelial growth on the surface which 
in time produced sederobia. Young plants inoculated with the fungus at the 
soil level quickly succumbed and the fungus spread through the soil to the 
neighbouring healthy plants aiul soon killed them. Larg(! plants witli hard 
tissues are nob killerl immerliately. Tlie spread of the mycelium within the 
tissues of the host depends iqion the moisture condition of the soil and atmos- 
phere. That from the infectetl spots was completely chocked when the plant 
was placed in dry open air. In all these cases the fungus c.ouhl easily b(i 
recovered from infected plants in jiure culture. 

The mycelium grows in the tender tissiuis of the leaf and stem (PI. 11, 
tig. 3) and causes disorganization of the cells, cliaiiging them into S(.)ft pulpy 
mass. It penetrates the inner tissues of the stem and also grows in the pith 
where it forms large lilack sclerotia. The young plants so attacked (juickly 
die while the matiirer plants withstand wilting for some time. 

It can be gathered from the above that if the conditions are favoura.ble 
for the growth of the fungus when the plants are v(.5ry young, a wholesale 
destruction of the crop may not be an improbability. Nevertheless, depending 
upon the time of infection and the rapidity of the spread of the disease in the 
field we meet with wilting of plants at different stages of their growth. 

Hosts of the fungus. 

A few other plants in the field besides safflower were also found infecte-d 
with this fungus. Inoculations were, therefore, made on some of th(> mor(^ 
important winter crops and weeds. Wheat, oat, gram, mustard, pea, and 
potato, all took infection readily. Of the farm weeds the most common 
GhempoMum album (vernacular bathim) and Asphodels teumfolia (veriiaciilar 
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’pif(izi) wer(3 very liiglily susceptible, while Argmiom was less so and Mdiloius 
mdim did not take the infection at all. 

Longevity oe the sclerotia. 

The sclerotia of the fungus do not seem to live very long. Those produced 
ill the culture tubes between October and December 1920 showed very little 
germination in November 1921, and practically all in the tubes rotted away by 
October 1922. Only 14 per cent, of the sclerotia were found germinating 
after one year, Sclerotia which were gathered from the host plants in March 

1920 grew in November 1920, but no germination was obtained in November 

1921 or in 1922 and 1923 although they were still apparently sound. 

Systematic. 

The morphological characters of the .safflower wilt fungus are exactly 
alike those of the large sclerotia type of Sclerotinia Libertkma Fuckl. described 
by Smith. 1 The s(!lerotia of this fungus although do not fruit ea.sily, iii 
cases have been found to produce distinct apothecial cups, A wilt of sunflower 
very closely resembling in effects that of safflower has been described 
Bisby^ in Manitoba and by Morris and Swingle'^ in Montana. The. latter 
workers also found the sclerotia of tlieir fungus wliicLi they identified as 

Libertimm fruiting with difficulty. A stalk disease of potato which is also 
similar to this wilt of safflower has been described by Pethybridge.*^ This 
latter he holds to be due to Sclerotinia scleraiiorimi which according to him 
was “ then known ns S. Libertiana Fuckl., but known at an earlier date as 
Peziza sclerotiorum Lib., and now in accordance with the very widely accepted 
international rules of botanical nomenclature more correctly called Sclerotinia 
salerotionmi Mass.” Tliis fungus, therefore, which causes the safflower wilt 
may be called Sclerotinia sclerotiorum Mass. 

The spore form of the fungus described before may, however, give rise to 
certain doubt regarding its probable relationship with Botrytis. Bricrley^ 
in his recent studies dii Botrytis cinerea noticed a microconidial stage as,sociated 
with the normal type of conidia. This microconidial stage may be comparable 

^ Smith, Er. E, Loc. cit. - 

® Bisby, Gr. E. NeZeroioGrt disease of sunflower in Manitoba. AhsU-nets iu Phytojiatholarw, 
Xf, No. 1. 

•' Morris, H. E., and .Swingle, D. B. An impoi’tant new disease of cultivated .sunflower. 
Abstracts in Phytopathology, XI, No, 1. 

* Petby bridge, G. H. Investigations on potato diseases. Jour, Dept. Agri. amt Tech. InM, 
freZa.jid, XVI, No. 4. 

® Brierley. The mieroconidia of Botrytis cinerea. Kem Boy. Bat. Gardens Misc. 
Bull. 4, 1918. 
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to the conidial stage of this fungus. From his own investigations and those 
of many others Brierley is of o[hnion that certain factors can dnisticaJly alter 
the normal life-cycle of B. cincrca and that any spore stage may be ri'versed 
or eliminated. But unlike Brierley as in his investigations, tluj writer has 
neither been able to get the conidia to germinate nor could he iiiid out th<i 
circumstances undej: which a normal Bolrytis stage, if aiu'^, may be formed in 
the cultures of safflower wilt fungus. 

Some .species of Sderotmia described by De Bary^ and (Gilbert and 
Bennett^ are known to produce similar sj)ore.s either on the apothecia by 
the germination of ascospores or on the vegetative mycelium, which also 
did not germinate. As mentioned behjre, the conidia of this fungus c-annot be 
germinated and can be regarded as functionless. It is indicated, therefore, 
that a Botryik stage is absent IVorn the life-cycle of this fungus. 

Petliybridge*^ has given the authority of all workers to s]i(.)W that Botnjtis 
stage is absent in S. sderoiiorum and that there is no connection, between the two. 

A distinguishing character of S. ifdcrotiomm, according to Tubeiif and 
Smitli,'^ is the conical fuTinel-sliaped depression in the hymenial disc. This 
depres.sion which is clearly seen in this fungus (Plate I, fig. 7). Hence it is 
concluded that the fungus under study is Sderotinia uderotiormn Mass. 

A comparison of RUzoctonm Napi West, of Shaw and Ajrekar'"’ with tlio 
safflower organism suggests their complete identity. Their morphological 
and anatomical characters are very much alike. As in safflower fungus, the 
faintly pink tinge of the interior of the sclerotia has been noticed in their 
sclerotia as well, which they have described as flesh-coloured (although in one 
place they describe it as white in the interior). The spore forms arc similar. 
The range of host plants and the symptoms are almost the same. There is, 
therefore, every reason to believe that the Rhizoctonia Napi West, of these 
authors is really Sderotinia sderotionim Mass. 

A comparison of the description of these authors has led Petliy bridge® 
also to suggest that it is clearly a species of Sderotinia, 

Sderotmia sderotiorum which i.s then of considerable economit; importance 
in India may be regarded as a new addition to the few species of Sderotmia 
so far recorded in this country. 

1 l)c Bary. Comparative morphology mid biology of Jmyi, mycetorMa and baclcria. 

“ Gilbei-t, A. H,, and .Bennett, C. W. Sderotinia TrifoUonim, the caiirfe of stem rot of 
clover and alfalfa, Phytoyalhnlogy, Vlf, No. 6. 

“ Pethyhridge, G. H. Loe. cit. 

Tubeuf and Smith. Diseases of plants induced by cryptogamie parasiles, j). 2()o. 

* Shaw, F. J. F., and Ajreliar, S, L. The genus Ithhocionia in India. Mem. Dept. Agn. 
India, Bet, 8er., VIX, No. 4. 

" Petliybridge, G. XI. Loc cit. 
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CONTKOL MEASURES. 

TJie temperatures wliicb the sclerotia are able to withstand under diverse 
conditions are very difficult to determine with accuracy. The results of the 
immersion into water for 5 minutes are given in the table below. 


Number 

of 

sclerotia 

Temperature at 
which 
immersed 

Number 

germinating 

Remarks. 


°G. 




10 

9S-S 

nil 



10 

SO-0 




10 

70-0 




10 

60-0 




10 

50-0 




10 

40-0 

”9 


The controls 

10 

45-0 

9 


germinated in 

25 

46-0 

IS 


each case. 

25 

47-0 

3 



25 

48-0 

1 



25 

50*0 

nil 



25 

1 51-0 





The sclerotia were treated with corrosive sublimate solution, 1 in 1000, for 
about 15 minutes and waslied with sterile water before immersion. They 
were afterwards planted in agar slants. The controls germinated in each 
case. 

It will be seen from the above table that a temperature of between 48® — 
50°C. approaches the thermal death point of the fungus. It is not, however, 
likely that the sclerotia will be killed by the summer soil temperatures which 
may not ordinarily be more than 40°C. at a few inches below the surface.. 
Neither does there appear any chance of starving out the fungus with such 
a large number of host plants by a practice of long rotation. Any treatment 
of the soil by sterilization also is out of question from the point of view of 
expenses. 

The fungus does not survive in the seed obtained from the diseased crop 
as such seed gave a clean crop in the following season. 

Taubenhaus^ found that infection with Sderotiiim Rolfsii vras not possible 
if the mycelium or sclerotia were buried more than 5" deep and successful 
inoculation was obtained only when the fungus was not covered more than 
deep. The writer’s experience has been in the case of potato Rhizoctonia 
(identified by Shaw and Ajrekar as Rhizoctonia destruens) that the growth of 

Taubenhaus, J, J. Recent studies on Sclerotiwn Bolfsii S^acc. Jour. Agri. lies,, XVIII, 

1919. 
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mycelium! and tlie infection of tubers could be met witb at nf)oiit 5" or 0" 
below the surface provided the moisture is present and ilie temperature is 
suitable. 

Smith' observed that steriliziii^ 3" of tlu'. .surhice soil (i)(',cked the disease 
due to S, Libertiaria even in tbe most infected beds. It can be inferred from 
the above statement that either the sclerotia do not happen to pass down 
deeper tlian 3" or that they do not germinate below that depth. A rea,sonabie 
explanation seems to be that those sclerotia that remained in the upper 3'' 
might have been killed by sterilization while those below that depth failed to 
germinate, Following this argument as well as from the wiitw-’s experience it 
appears that burying the sclerotia very deej) might considerably refluc(‘ infec- 
tion. 

The most practioahle directions of control, thejnd’urti, ar<', hrstiy, tlu‘ 
careful collection and destruction of infected plant material and, secondly, a 
very deep ploughing to secure the burial nf any remaining sclerotia lo a depth 
of more than 6". Careful and clean w(jeding can prevent tluM'ajud spread of 
the disease in the field. 

I^^UMMAUY. 

1. Low temperature and abundant moisture are vei-y favourable to the 
groadh of the fungus causing safilower wilt, The fungus grow's on manv 
different media, 

2. The scleroiia do not seem to live longer than a little over ()n(^ year. 

3. The causal organism is Sderotinia acleroliormu l\lass, Tt is identical 
with Rkizootonia Nnpi West, of Shaw and Ajrekar, w]ii(di should coiTeetly lie 
identified as such. 

4. The sclerotia are killed by immersion in water at for five minutes. 

• 5; The practicable control measures are ; — 

(а) Collection and destruction of infective material. 

(б) Beep plonghing. 

(c) Clean weeding, 

. , . The \\riter is thankful to Br. E. J. Butler, Director, Imperial Bureau of 
Mycology, London, for suggestion of the subjec-t of investigation while working 
at Pusa, and desires to acknowledge his indebtedness to Mi’. P. K,. B(^y, Plant 
Pathologist to Government, United Provinces, Clawipxire, for ever rea<ly liolp 
and criticisms. 


'‘yinith, lt. E. Loc. cit. 
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fixPLANATIOK OF PLATE HI 

1. Pear-shaped sdewtia feom the flower of safflower. 

2. Solerotia showing the development of numerous slender stalks. 

3. Flower*head detached from the thalamus showing the stdawtinro 

inside. (| natural sixe.) 
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I. INTRODUCTION. 

Roselle {Hibiscus Sabdariffa L,), known in tlie vernacular as mesta, 
patwa, lal ambari or lempu, is grown for a variety of purposes in many parts 
of India, Ceylon, and the West Indies, Almost every part of the x^lant 
can be utilized. A strong silky fibre — Roselle hemp — ^is obtained from the 
stems ; the fleshy calyces and leaves are used for food, while the seeds are 
employed in medicine. The study of this species was begun at Pusa some 
years ago when four varieties were isolated and described, namely — ruber , . 
albus, intermedins and BkagalpunensisI These four varieties are almost 
identical morphologically. In var. Bhagalpuriensis the calyx is slightly more 
twisted and obtuse than in the other three varieties. This is the only difference 
in form, which could be detected. With this minor exception, the sole 
differences between the varieties lie in the distribution of colour, 

Roselle is admirably adapted for the training of students in the technique 
of plant- breeding. The cultivation is simple, the plants are robust, practically 
immune to pests and not at all sensitive to water-logging or to defective soil 

Eoward, A., and Howard, G. L. 0. Studies in Indian Ribre Plants, No. 2. — On some 
, new v!i,i-ictie.s of Hibiscus camiabinus L., tmd Hibiscus 8ciMariffa L., Memoirs of the Dept, of Agr. 
in India {Botanical Series), lY, 1911, p. 35. 
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aorai'.ioii. Tlio flowors are laTgc oiiuugli for easy iiauiipulatiou l)ut the exja'ri- 
iiKiutul pliui!;w require coiustaut attention as the 11o\v<ts open singly. i\Ioreovei‘, 
this s]>ecics flowers in November and December between tlie monsoon and 
cold vseasoii crops when otlier material suitable for study is scarce. The 
uniformity in the form and size of the plants enables the student to concentrate 
on the colour differences. In order to employ Roselle to the best advantage 
for training purposes, a thorough study of the colour factors was first of all 
necessary. An investigation into the chemical and physiological factors 
respo?isibIc for these colour differences was also contemplated. Unfortunately, 
however, the plants require a great deal of space. It is impossible to grow 
them closer than three feet apart each Avay. Owiiig to the expansion, during 
recent years, of the woih on other crops, the [)ressure oji the limited area 
of land at the disposal of the Bota,nical Section lias been so great that only a 
very small space could l)e spared for the Roselle cultures. This circumstance 
has delayed the wort considerably. As the continuation of the investigation 
is doubtful, we have considered it advisable to publish the results so far 
obtained. Some of the characters liave been worked out in detail, others 
require further study. 

The following general description of the four varieties employed ivill help 
to bring out the various difierences in the distribution of tlie colour factors : — 

Var. ruber (Plate I). 

SHejn dark red. Stipules dark red. Leaves green rvith. some red colour 
on the lower surface of the veins, sometimes also on the upper surface ; gland 
on the midrib colourless ; petiole dark red except for a narrow strip on the 
under surface ; pulvinus red. Peduncle red. Epicalyx red. Se-pals red ; 
centra] gland on mid-nerve greenish. Corolla yellow, with a -deep crimson eye, 
turning a deep salmon pinlc on withering. Stamens staminal tube red ; 
pollen and anthers deep red. Siujims red. Seedlings stem green with some 
red below the cotyledonary leaves ; petiole red on the upper surface, green 
below ; leaves green. 

Var. alhus (Plate II). 

Stem green. Stipules green. Leaves green, no red colour on the veins ; 
puMnus green; petiole green. Peduncle green. Epicalyre green. Sepals 
yellowish green ; apices yellow when ripe. Corolla yellow with colourless eye. 
Stamens staminal tube white showing up the yellow pollen. Stigmas white. 
Seedlings stem, petiole and cotyledonary leaves green, 
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Var. i)dcrmcdim (Plate III). 

Sfoi) green with scjiae dittuyed midisli eolour and witli deep red triiiiigiilar 
pat(.‘htv both in tlie axil of the leaves and also immediately below the petiole. 

green. Leare.^ ^veen with some reddening on the upper surface of the 
veins ; fjnlvimi.'; red. Pedinida grjjen. Ejncalyx green. Sepals yellowish 
green ; apices green wlicn ripe, a red spot in the central gland on the mid-nerve. 
Corolla yellow with a deep crimson eye, remaining yellow on withering. 
Sl/i/Hfois staminai tube red ; pollen deep orange. Stigmas red. Seedlings 
indistinguishable from those of ruber. 

Var. BJmgalpiiriensis (Plate lY). 

Stem green with some dift’iisefl red colour and a deep red triangular patch 
in the axil of the leaves. Stipules green. Leaves green, veins green ; 
petiole green with a certain amount of diffinsed redness, pulvinus green. 
Peduncle green. Epicalyx green. Sepal bright green with splashes of red ; 
central gland with a red spot. Corolla yellow \vith a crimson eye which is 
less deeply crimson than in intermedins, salmon pink when faded. Stamens 
staminai tube red ; pollen less deeply orange than in ruber and intermedius. 
Stigmas red. 

All the four varieties are normally self-fertilized and set well under bag. 
Pollination is, however, occasionally effected by humming birds but this occurs 
so rarely that natural cross-fertilization can be ignored in practice. As a 
precautionary measure, the flowers of all the plants used in these investigations 
with very few exceptions, were protected. Two minor difficulties were encoun- 
tered in the work, namely, (1) the hardness of the seed coat in Bhagal-puriensis 
and in the hybrids derived therefrom and (2) the dormancy of the seeds left in 
the soil. The first difficulty was overcome by pricking before sowing the 
seeds of Bhagalpuriensis and of the hybrid cultures in whieb this variety was 
one of the jjarents. This, although very laborious when the number of cultures 
was large was uniformly successful. The second difficulty can only be partially 
avoided by a long rotation and by germinating the falleii seeds on the surface 
of the ground before they are buried by the plough. 

II. THE EXPERIhlENTAL RESULTS. 

The four varieties were all crossed inter se, i.e., intermedins X Bhagalpurien- 
sis, intermedius x ruher, intermedius X albus, Bhagalpuriensis X ruher, Bhagal- 
puriensis X albiis and ruber x alhus. In addition, a certain number of crosses 
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?,'LM’e hefcweeii tiie four varieties and some of the new extracted forms. 

The ifi generations u'cre always uniform and the reciprocals alike. 

1. The presence op red or crimson colour. 

As regards tire presence of red colour, the four varieties and the horaozy- 
gotic phenotypes derived from them by hybridization can be divided into 
three main, groups : (]) those in which the general colour of the plant is green 
with a certain amount of red distributed on various parts in definite patches : 
these patches may be a.ccompanied, as in intermednis and Bhagcdjmriensis, 
by very light general flushes — ^pink or brown — the tone of which is not 
sufficiently deep to ol.iliterate them, (2) those like ruber in wdiich all such 
markings are covered, by a general crimson colouration of the plant, (3) those 
like albus in wdiich no red or crimson colour at all is present. 

The first subject investigated was the nature of albus. The general 
green appeai'ance of this variety might be due either to the absence of all the 
factors responsible for colour in the other varieties — in wffiich case it would be 
of the greatest use as an analyser— or the colour factors might be present in a 
suppressed state. In the investigation of the genetic constitution oi albus, 
the first cross to be considered is that of ruber x albus. The general stem 
colour of ruber is crimson. This colour extends over most of the other parts 
of the plant but the extreme base of the stem is green. This point proved to 
be of importance in distinguishing true n<6er from other crimson forms 
produced by hybi idization. The leaves of ruber are green with some crimson 
on the lower surface of the veins. The petiole is crimson except for a narrow 
strip on the under surface ; the peduncle, epicalyx and sepals are all crimson. 
The staininal tube, pollen, anthers and stigma, are also crimson. Albus 
is very diftei'ent. There is no red colour on any portion of tlie plant. The 
general tone is a yellowish green, cpiite diflerent from the brighter green of 
intermedins. The apices of the sepals are yellow when mature. The stamina] 
tube and stigmas are white, the pollen yellow. 

The Fi betw^een ruber and albus was crimson and w'-as practically identical 
.with the ruber parent. In the F 2 (Table I), a mixture of crimson and green 
plants was obtained in Asdiich the crimson plants resembled ruber and the 
green albus. Nothing in any way diflerent from the two parents was 
produced. 
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Table I. 

The F2 generation of the cross ruher X alhus. 


No. of culture 

Total No. 
of plants 

Crimson 
like ruber 

Green 
like ulbiii' 

Ratio 
orimsen : 
green 


' 1 

300 

235 

65 



2 , , 

298 

232 

66 


Buber X albiis 

3 

313 

235 

78 



4 

505 

370 

135 



5 

298 

236 

62 



. G 

225 

ISO 

45 




199 

154 

45 


Albu-s X ruber • 

1 

8 

1 

230 

178 

52 



[ 9 

298 

236 

62 


Total 


2,660 

2,056 

610 

3-4 : 1 

Expedation 



1999- 5 

(}'6(l-o 



Table II. 

The Fq generation of the cross ruber X alhus. 



Colour of 
jjarent 


No. of culture 

Total No. 
of plants 

Criin,son 

Green 

13 

green 

42 


42 

14 

Do. 

55 


55 

15 

Do. 

66 


66 

16 

Do. 

45 


45 

17 

Do. 

5 


5 

19 

Do. 

46 


46 

20 

Do. 

28 


28 

IS 

1 Do. 

i 29 

1 

1* 

28 

'Total . , 

Expectation , , , . 


316 

1 

0 

315 

31 a 


* Probably a natural cross as in this case the flowers of the parent were not proteuted. 
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Table II— cojrftZ. 


Nil of oultUTo 

GAour of 
parent 


Total No. 
of plant 

Orim-son 

Green 

i 

1 

crimson 

40 

40 



Do. 

38 

38 


11 

Do. 

11 

11 



Total .. 89 89 0 

Eximtalion . . . . .... .... SU 0 


2 

ci'itnson 

41 

22 

19 

3 

Do. 

53 

39 

14 

4 

Do. 

41 

29 

12 

5. 

Do. 

89 

66 

23 

7 

Do. 

35 

25 

10 

8 , 

Do. 

52 

44 

, 8 

9 

Do. 

77 

50 

27 

10 

Do. 

77 

58 

19 

12 

Do. 

2.5 

18 . 

7 


The experimental numbers obtained do not agree very closely with 
expectation but tlie error is reversed in the two generations. 

Similar results were obtained when albus was crossed with the two 
varieties wiiich possess green stems with red markings, intermedins and 
Bhagalpn-rlcnsis. Tlio Fi in both cases was predominan-t.ly crimson and very 
tike ruber although certain dillierences in detail could be detected. In the F2 j 
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foilowiii" types were founrl : — (1) green plants Anthoiit any red at all, (2) 
green plants witli red niarlirings and (^1) plants predoniiuaiitly eriinson. Tlie 
following are tlie nninerical results obtained : — 

Table III. 

The F2 generation of the crosses intermecUus x albiis and Bhagalpuriensis 
X albiis. 


Cross 


Total 
ISTo. of 
plants 

Plants 
either 
crimson 
or with 
red 

markings 

Plante 

entirely 

green 

Patio 
crimson : 
green 


A 

4o 

37 

8 



B 

70 

58 

IS 


l7itenne(lius >< uUius 

C 

80 

70 

15 



D 

37 

27 

10 



E 

St 

59 

25 



F 

00 

43 

23 


Total ■ 


393 

294 

99 

3 : 1 

'Expectation .. . . 



294-5 

9S-5 



A 

82 

59 

23 



B 

73 

58 

‘ 15 



t C 

80 

59 

27 


Albus X Bhagalpiiricnsis 







E 

78 

04 

14 



E 

79 

69 

10 



, F 

80 

59 

21 



' G 

78 

54 

24 



H 

74 

55 

19 



I 

70 

51 

19 


Blmgalpurmisis x albus 







J 

61 

44 

17 



K 

9o 

73 

22 



L 

80 

59 

27 


Total 


942 

704 

238 

3 : 1 

lixpeclation 



700-5 

235-5 
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(AuMaiii of tl.10 crimson plants and some of tlie green plants with red 
marldiigs again s])lit in the following generation into j)lants with colour and 
green plants, the green plants forming approximately one quarter of the 
whole. The residts are given in tlie following Tables : — 

Table IV. 


Crimson 'plants (/iviiuj crimson and green 2dants in the generation of the 
cross Bhayalpuriensis x albiis. 


No. of ciiltiu’e 

Crimson plimts 

(Jroou plants j Katio crimson : gj'ccn 

1 

A (i 

22 

5 1 

A 7 

4(i 

22 j 

A 23 

11 

5 ! 

A 2u 

IK) 

n 1 

A .->() 

;)8 

15 i 

A 40 

52 

17 1 

A 42 

25 

(5 j 

A 4.3 

54 

14 ! 

A fi.'j 

49-, ■ 1 

25 j 

A «1 

35 

12 i 

A fiSfi 

58 

20 ! 

Total 

446 

152 1 29:1 , 

Expectation 

MS-5 

149-5 1 


Table V. 


G-reen plants with red mafhings giving a cerfa-in member of entirely green 
plants in the F^ of the cross Bhagalpurknsis X alhus. 


No. of culture i 

Green plants with 

1 red markings 

Green plants 

Ratio crimson ; green 

A S i 

1 42 

15 1 


A 14 

40 

19 1 


A 12 i 

40 

i 18 1 


A 15 

34 

17 . 


A 63 

48 

21 


A 04 

43 1 

18 


A 59 

68 

16 


A 71 

32 . ■ 

5 


A 80 

60 1 

20 


A 75 

50 

16 


A 70; 

40 i 

1 , ■ 1 

■ 22 . , , 


Total 

487 

187 

3-6 ; 1 

Expectation 

50,5-5 

7 6*8', 5 
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Siniihir results were obtained in the F3 of intermedius x alhufi. In all 
the ('losses, plants which are entirely green bred true to this character in the 
succeeding generations. These rc^sults point to the absence of a colour pro- 
ducing factor or the presence of a colour inhibiting factor in albus. Taking 
into consideration the relation between anthocyanin a.nd fiavone found by 
many investigators and the fact that the whole appearance of albus is yellowish 
green rather than gre(*n, it seems probable that this variety contains the yellow 
fiavone. Ruber contains a factor R which converts this into anthocyan. 
The green plants extracted in the F3 from the green plants with red markings 
In the crosses of alhus with mtermedms and Bliagaljmriensis do not possess 
the factor for the crimson colour of ruber and are therefore green and not 
yellowish green. These extracted green plants when crossed among themselves 
or with albm gave in the Fi and succeeding generations green plants only, 
no coloured plants of any kind being produced. When crossed on to 
Bhagalpuriensis they gave a mixed progeny in the F2 — ^plants with red 
markings and plants entirely green. In most cases, the coloured portion of the 
cultures consisted of indimduals with very varied markings on the stems and 
leaves but in no case were the markings less than those of Bhagalpuriensis . 
When crossed with ruher, a mixed progeny of red plants, of green plants 
with red markings and of entirely green plants were produced in the F^. 
It is clear that the extracted greens were merely green plants with red 
markings in which these markings cannot find expression owing to the 
absence of the colour producing factor R. In no case has it been possible 
either to obtain any green plant without X {the factor or group of factors 
responsible for the markings of Bhagalpuriensis) or to break this down into 
several factors. 

2. The red patches on the veins, petioles and stems. 

The red or brown colouring of the stem is present in two forms— either 
as well defined patches of dark red or as flushes or washes with indeterminate 
outlines which occur over large portions of the stem. The flushes vary in colour 
and distribution. As this investigation showed that there was no genetic 
connection between these twm systems of colouring, they wdll be treated 
separately. 

The only two varieties in which the distribution of the isolated patches 
of colour could be studied were intermed/ius and Bhagalpuriensis. The follow- 
ing Table and Plate V show the differences between the two varieties in respect 
to these characters. 
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Table VI. 


Di^'cmiceH in the dem and leaf niarkliifjs of mfcrmvdiati a)a1 
Bhagalpuriensis. 



1 hitcrmedius i 

1 

Bha(jalpurknsis 

Stem, 

Uroen with two triaugular rod 
patcliCK, one in the leaf axil and 
one below the petiole 

Green witli one triangviiiu' roil patch in the 

I axil of the leaf 

Pidvinus 

Deep red 

1 Green 

Leiif I'ci ns 

A j’cd !5j)ot on all the five ])nma.ry 
veins 1 

A red spot oil the four outer primary veins 
only, the ceiilml one green 


Bliaf/alpuriensis represents wliat may he termed the ])asio form as regard 
tlie colouration of the veins, petioles and steins. It has not been found 
possible to produce by hybridization any plant without the factors for these 
markings. It is true that perfectly green phenotypes were obtained but, as in 
the oi albufi, these ])roved to lie merely potentially coloured forms in 
which the coloured markings were suppressed. The red triangular patch on 
thh kem in the axil of the leaf is ajipareiitly inseparalile from the four dots on 
tlie veins. 

Intcrmedius X BJiagalpiirimsis. 

In all the characters investigated, the Fj was uniform and intermediate 
between the two parents. The seeds of five Fi jilants were sown separately 
in 1912 and the F 2 in each case consisted of a series of types representing every 
conceivable gradation between the parents but with nothing greater or less 
than these. A definite statistical examination of the F 2 proved to be imjiossible 
for the following reason.s. In the first place, there is a certain amount of 
variation due to environment and age. As the leaves, st(uns and petioles grow 
older they become red all over. Sunlight and sliadc. also effect the intensity 
and extent of the colour, inteiLse sunlight producing the effect of age. In the 
second place, the large number of factors involved in ,so small a phenotypic 
difference made identification of the various genotyjjcs very difficult. During 
the course of these investigations, it was found that no less than thna* factors 
were concerned in building up the colour markings of inlcrmedim from thos<i 
of Bhagalpuriensis. The eight homozygotic phenotypes, resulting from the 








ijiteniction (if tliesf*, tliroe factors, together with the large nuni])(;r of hetcroxy- 
gutes ])ro(liicc(l a,n almost perfect series in which it was extrtanely dilficult 
to state, from observation only, to whi(;h class any individual plant belonged. 
The following method was, therefore, adopted. Seed of all the plants (145) of 
one of the F 2 cultures was sown plant by plant in 1913 and observations were 
made on the olispring. In the following year, a large number of selected 
cultures wore continued into the F 4 and succeeding generations by growing 
several plants from each. It was quite easy to recogniise homozygous cultures 
and also cultures in ^\’•hich there was only a difference of one factor. In cultures 
in which more than one factor were concerned, although it was possible to 
determine the nature of the culture a.iid the factors involved, it was not possible 
to assign individual plants to their correct class with any degree of certainty. 

By continuing this method to the F 7 generation, it was found that the 
colour markings of the leaves of intermedius are due to the factor or factors 
present in Bhagalpurmhsis (which will be termed X in future) plus three factors 
A, B and W. These three factors are quite independent of one another and 
can be inherited separately. The presence of A converts a leaf wdth dots on 
the four outside veins into one with five dots, i.e., a dot on each principal vein. 
Cultures breeding true to five dots were obtained and also cultures containing 
both four dots and five dots. The outward manifestations of B and W are 
somewhat alike and these two factors were at first confused with one another. 
More accurate observations, however, showed that they were really quite 
distinct, and comparatively easy to differentiate. B produces a red band on 
the petiole below the pulviniis. W also gives rise to some red colour on the 
petiole, but instead of a definite band with well-marked edges it produces a 
light red wash of somewhat indeterminate outline. Uniform cultures of both 
hand and wash types were obtained and also cultures splitting between BJiagal- 
puriensis and the band type and Bkiyaljmriensis and the toash type. These 
factors were also found in combination, ie., five dots and a band, five dots and 
wash, fom' dots and a band and four dots with wash. Finally all three, five 
dots, band and wash are present in intermedius. Uniform cultures of all these 
phenotypes were obtained and grown for some years. Most of the numerous 
heterozygotic cultures which should be produced by the interaction of these 
three factors were also identified and checked by continuing several plants 
from these cultures to the succeeding generation. The various combinations 
are shown in Plate V. 
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Tlu‘ re«ii!ts are summed tijj in the following lables | 

Table VO. ?|«? 

fhnmnnuitie wuhmilhm Mimmljrom llm cross Bhuplpurknxh X iiitn- 
medius. 


1. (XX)aabboc‘ 

2. (XX)AAbbco 

3. (XX)aaBEc'<; 

4. (XX)ii.abbWW 
o, (XX)AABB\vw 
(5. {XX)AAbbWW 
7. (XX)auBB\VAV 


8. {XX)AABB\V\V 


Phenotype 


Four (lots on the leaf veins, ijetiole green 

Five (lots on the h^af veins, petiole green 

Four (lots on the leaf veins, plus a. red baud on 
the petiole , 

Four clots on tlu; leaf veins, plus :i iwl vvasli on 
the petiole 

Five dots on the leaf veins, ])lus a red band on 
the petiole 

Five dots on the leaf veins, plus a reed wash on 
the ixjtiole 

Four dots on the leaf veins, a. red hand and a 
red wash on the petiole, i.c., it resembles 
iiifcnitetliiii: excel)! foi' the absence of a red 
dot on the central vein 

■five dots, a red liand, iilus a red wash on the 
petiole 


Abbreviated 

designation 


Bhagnlpurimsh 
Five dots 

Band 

Wash 

Itand half-way 
Wash half-way 


[ idf.nnp.(liufi with 
four dots 


The miilormity <.)f these (uilturtvs was always tested Ity selectifig several 
plants at nmdoni a.nd growing tin; seed from them juixt to each other during 

the following year. ^ 

Cultures splitting l)etwe.m the following limits were also identified and 

tested : — 







Table VIII. 

S'pUttirig cultures identified in the F<i and succeeding geMCixUions from the 
cross Bhagalpuricnsis x intermedius. 


Limits of the culture 


Genotype of 
the ])areut 



(XX)AaBbww 

(XX)Aa.bbtVw 

(XX)AaBbWw 

(XX)AABbww 

(XX)AAbbWw 

{XX)AABbWw 

(XX)AaBBww 

(XX.)AaBBWw 

(XX)AahbWW 

(XX)AaBhWW. 

(XX)AaBBWw 

(XX)AABBWw 

(XX)AABbWW 

(XX)AaBBWW 


1. Bhatja'ljnincnsis to Five dots 

2. BhamlpurienMs to wash 

13. Bhagalpunen.'iis to band half*way 

4. Bhafd'pwneMds to wash half-way 

5. Bhagaljmriensis to interm&lius 
f). Five dots to band half-way 

7. Five dots to wash balf-way 
S. Five clots to <‘nter«i(!(iw.s 

9. Band to baud half-way 

10. Band to inkrme/lim 

11. Wash to wash half-way 

12. Wash to frtiemetZms 

13. Band half-way to intermedins with four clots 
14 ’. Band half-way t( > intenmd ins 

1,5. Wash half -Av ay to i'Htemie(K«s _ 

10. Intermedins with four (lots to intermedius 
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T]it‘se cultiiros were tested in tlie sam«‘- inamusr ns the henicwygotie ones, 
i.e., }.>v growing in the ^o]lo^ving year several phmts froni each culture 
separately. In these cases, instead of selecting the plants at random, care was 
taken to include plants representing the extreme phenotypes. 

A few cultures, which theoretically should have been present, were not 
found ; most of these involve the phenotype intermedins with four dots. This 
form is very difiicult to identify and these cultures were probably confused 
with the corresponding ones in which intermecUm occurred. The pure culture 
of intemiediiis four dots and the splitting cultures— band half-way to 
intermedins with four dots and intermedius with four dots to intemiedim — were, 
however, identified with certainty. The other cultures were doubtless present 
and either escaped recognition or did not happen to occur among the plants 
selected for fuidher investigation. 

Table IX. 


Splitting cnltures, tdieoretically required, tvliicit ivefe not found. 


Limits of culture 

Genott/pe of parent 

1, BhagaVpiriensis to band 

(XX)aaBhww 

2. Bhagaljmrietisis to intermedius with four dots 

(XX)aaBbWw 

8. .Five dots to intermedius with four dots 

(XX)AABbWw 

4. Band to intermedins with four dots 

(XX)aaBBWw 

5. Wash to intermedius with four dots 

(XX)aaBbWW 

6. Wash half-way to intermedins with four dots 

(XX)AaBbWW 


The stem markings in the axil of the leaf and below the petiole are due 
to the same factors which afiect the red colom'ation of the petiole and leaf- 
veins. Each factor produces a change in the stem markings as well as on the 
leaves. The factor or factors which produce the four dots in Bhagalpuriensis 
are also responsible for the triangular red patch in the axil of the leaf. The 
factor A which controls the fifth dot also produces two narrow red streaks oil 
the stem which start from the two basal angles of the triangle and run a short 
way down the stem. The factor B not only gives a band across the petiole 
but longer and larger red streaks on the stem. The factor W produces a 
certain amount of red colour below the petiole. The i)resence of all three fac- 
tors together is shown by the well-marked triangular patch below the petiole 
in intermedins. In no case was it possible by breeding to separate the leaf- 
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niarkinjXH fnnu tlic* ('onvsjxBuliug stajii-iiiai'kiiigs. W'a kiusI, i iicrcfoiv, 
(•r>n(.'liRlt‘ fliul'. <liu dilTciviica in ilie rtal rolourution of liin Icjif, ])(‘lio!{' and 
stein of intemcdiiix from that of Bhagalpirimm is due to threii faetors only. 
The presence of euch factor is sluavn hy a, definite addition to tlie markings 
both of the leaf (ineliiding the petiole) and of the stem, 

3. The general colour oe the stem. 

It was pointed ont in a, pirevious section {[). 50) tliat in addition to the 
well defined j^atches of red on the stem, certain flushes or washes also oeeur 
over large jx^rtions of the stem. These vary in colour and distribution and 
may lie roughly divided into (I) those like the. crimson factor in rxhcf which 
obscure all other stem markings and which alTeet other jiortions of the plant 
shnultaneonsly and (2) those, which are light in colour, which allow tin* stem 
markings to he identified and affect the stem only, 

{n) The crimson colour factor of riiher. 

The next factor which must he considered is the one which is responsible 
for producing the red colour over the stem and the major ])ortion of the plant. 
Tins crimson flush, as it may he called, has a very far reaching effect and 
whenever it is pi'esent, the whole jilant would lie classed as crimson or scarlet. 
In all crimson types there is a certain amount of green, the distribution and 
amount tle.pending on the genetic constitution of the type. For instance, 
in the. Fj between intermcdius and albus, the green fiase of the. stem was more 
extensive than in ruher and the lower eighteen inches of the hasal branches 
were also green. Variations in the amount of gi'een in the petioles, leaves, 
epicalyx and pedimele oeeur in ty]ies which are nevertheless crimson. What- 
ever the constitution, however, if the stem is red, the branches and sepals 
are also red and the corolla changes to a. dee]) ])iuk on withering. A red calyx 
is inseparable from a red stem. Tlie following experiments show that this 
crimson flusli, which converts a green plant with red markings into a ciimson 
one, is produced by a single factor. 

The first cross made in this connection was that of ruber x vilmucdius 
i.e., the cross between a crimson type and the green type whicli jiossesses the 
greatest amount of red markings yet observed. The Fi was crimson and 
resembled ruber, except that more green was present and the crimson colour 
was slightly less intense. In the Fo, crimson ])hmts and green ])lanls, with 
the vsame red markings as those of iniermedius, weu) obtained. It was ])ossible 
to divide the crimson plants into two classes, those which were, as (h'E^ply 
crimson as ruher and those in which the stem colour was lighter in tone. 
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Tlic n'sulis an.* givoii in llie follDwing Tables 


Tahle X, 


The F2 generation of the cross riibcr X inter medius. 


Cor,(JTJB OF STEM 


'rdtnl Nil. of 


of cmltuo 


Deep crimson Crimson 


'xjwctatii 


The Fs and F4 generation of the cross ruber X intermedins. 


Nature of the [)aren1' 


No. of culture 


Nature 


all ureen with red mii.rldug.s 
J)o. Do. 


lu green w itii red ma.rldng.s : 

20 orinr.son : 12 deep criniHon 
10 green with red markings ; 

21 cnimson ; 11 deep oiTinson 
green with refl markings, 

ci-iinson, deep crinisou 


crimson 


crimson 

Do. 

Do. 


all green with rod markings 
14:1 deep crimson and crimson 
30 green with red markings 
all deep crimson 
Go plants, all green with red rn 
Go plants, all deep crimson 


green witli rod markings 
crim.soii 


deep crimson 

green with red markim 

deep crimson 
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Sitnibir rt'siilis wore obtained in the cross ruher ■: Bh<u}(tlpunc)isis. 'Flu* 
Fi was a, crimson j)laiit slightly less flee]) in cf)lour than iiihcr and dilTering in 
various details of the colouring. In the hh, both crimson pbuils fi^nd grcani 
plants with red markings wore o])taiued in the following ])ro])orlion - 97 
crimson plants to 28 green plants with red markings, a ratio of 3’d : 1. Thus 
the evidence from these two crosses indicates that the crimson flush is produced 
by a single factor which may be termed S. 

It was shown in the last section (p. 55) that alhus ptfssesscs the factor 
for crimson flush, although, owing to the absence, of R, it cannot find expression. 
The crosses with (dhm should, therefore, also he considered in this connection. 

Iniermexlim x alhns. The K| was crimson and somewhat similar to 
ruber. Tlie F 2 gave 99 colourless plants, f.c,, those in which the faetor for 
colour production is absent and 291 coloured. The coloured ])la.nts consisted 
of 208 plants predominantly crimson ami 8fl green })lants with I’ed markings 
giving a ratio of 2-'l : 1. The green f)lants ])red true to green while tlie crimson 
plants and green plants with red markings either bred true or split in various 
ways. 

Bfmgalinmensis x nlbus. Here again the Fi was crimso]i and somewhat 
similar to ruber. The F 2 gave 211 colourless plants and 645 coloured. These 
consisted of 492 predominantly red plants and 153 green plants with red 
markings, the ratio being 3'2 : 1. 

The above investigations point to the existence of a factor S present in 
ruber, whicli covers tlie stem, branches, sepals and other parts of the plant with 
a crimson flush, obscuring all other red markings. This factor is absent in all 
the other three varieties. If SS or Ss is present, the plant is predominantly 
crimson. ^ 

{b) The Jlushes un the siema of the cross intermedius x Bhagaljniriensis. 

The inheritance of the light flushes which do not obscure the stem markings 
{i.e., the brown and pink flushes on the stem of Bhagalgmriensis and inter- 
medius) must now be discussed. These consist of a pink flush in inter ynedius 
which starts at the base anrl extends two-thirds up the stem and loAver branches 
and a very slight brown flush on the apices of the stem and branches. In 
Bliagalpuriensis there is a purplish brown flush at tlie extreme base of the 
plants and at the apex a flush similar to that of intermedins but of a deeper 
brown and more extensive for it is found over the upper half or tliird of the 
stem. The inheritance of these flushes is very difficult to investigate on 
account of their reaction to changes in the environment, especially to age and 
spnlight. In the first place, they cannot be seen on young plants but must be 
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observed on. mature individuals. As the plant gets old, however, there is a 
general reddening f)f the stem, leaves and petioles which is rpiite independent 
(3f and obscures these definite flushes. In the second place, these flushes will 
only devel(3p well in a good light. They remain poorly developed in shade. 
Very intense sunlight, on the other hand, produces the same reddening effect 
as age. For these reasons, the time during which observations can be made 
is very short and it has not been possible, up to the present, to investigate 
these characters fully. There is no doubt, however, that these flushes represent 
definite characters which are inherited. Preliminary investigations on a 
large number of crosses between the four original varieties themselves and with 
extracted homozygotes showed that the occurrence of these flushes is governed 
by two sets of factors, the one controlling the colour (pink or brown), the other 
the distribution. Corresponding to the minimum amount of stem markings 
X, a small light brown apical flush is always present, although the rest of the 
stem may be pure green. No individual has yet been observed without at 
least a small apical flush. The factors affecting the colour occur either singly 
or in combination when new homozygotic phenotypes are produced. Thus 
in the P 2 of the cross intermedius X BJiagalpiiriensis, not only were plants 
like the parents obtained but also a series which exceeded the parental limits. 
The plants in this series varied from individuals without any flush (except the 
small apical one) to some which were completely covered by a deep purplish 
brown flush. Plants possessing this deep purplish brown colour over the 
whole plant bred true to this colour and also to this distribution. Individuals 
were also found with this colour but only on the upper half, ie., with the same 
distribution as that of the apical flush of Bhagalpuriensis and a cultui'e was 
identified which bred true to this deep colour but in which the distribution 
varied from a complete colouration to a colouration of the upper portion 
only. 

The basal flush of intermedius and the apical flush of BMgalpimensis are 
complementary to one another in distribution and the presence of both of these 
would give a completely coloured plant. The purplish brown colour is presum- 
ably due to the combination of the pinli and brown colours of these two 
varieties. It seems probable, therefore, that intermedius possesses a factor 
Pi for pinlc and Bhagalpuriensis another N for brown, the combination 
P^N being a purplish brown much deeper than either. 

The question of the interaction of these flushes with the scarlet flush S 
is somewhat difficult to investigate, also the constitution of ruber in this 
respect. There seems no doubt that ruber does not contain either the pink 
flush of intermedius or the brown flush of Bhagalpuriensis. It appears, 
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however, to possess a factor controlling a second brown flush, which is less 
purple in tone than that of Bhiigolpunensis. Evidence of the absence of the 
}hnk flush and the presence of a brown flush was obtained from the. cross 
niher X intermedins of which the F 2 was subjected in .1922 to a critical examin- 
ation. About seventy-five per cent of the plants were predominantly crimson 
and the remainder consisted of plants with green stems and the red stem and 
leaf markings characteristic of intermedins. The stem flushes on these green 
stemmed plants varied very considerably both in colour and distribution ; pink, 
light-brown, dark-brown and various intermediates were present. Certain 
])lants were completely covered by a dark-brown flusli. Individuals either with 
the true pink of intermedius or with a dark brown flush were very few in 
number, the majority had flushes of varying tints of pink and brown, mostly 
apical. The deep brown flush produced in this cross is ([uite difl'erent in 
appearance from the purplish brown one obtained in the case of intermedins x 
BJi'tgalpurien.sis and the light brown flushes are also much less dee]) in colour 
than those of Bhagalpuriensis. Tlie variation in the colour of the flushes in 
the Po and the presence of individuals without the j)ink flush point to the 
absence of Pi in the genotype of ruber. The presence of individuals with light 
brown and deep brown flushes indicates the presence of a brown flush M in 
ruber. That this brown flush is not the one present in Bhagalvurmisis is 
indicated l>y the diflerence in the tone of the browns. Further evidence on 
this point is afforded by the cross ruber x Bkagnlpiiriensis. Before leaving 
the discussion of the cross ruber x intermedins it may, how’ever, be mentioned 
that the predominantly crimson plants varied in the tone and amount of 
crimson colour present. This is what would he expected if S were interacting 
with Pi, M and the factors for distribution. 

A consideration of the cross ruber X Bhagalpuriensis shows that ruber 
does not possess the brown flush of Bhagalpuriensis. In the F 2 it was 
comparatively easy to separate the plants containing SS, f.e., those which 
would breed true to crimson from those containing Ss which would throw a 
certain number of plants with green markings. All the cultures wmre continued 
into the P 3 when this classification was found to have been correctly made. 
The SS. plants, however, varied very greatly among themselves both as regards 
tone and distribution of coloiu’. Some were even more deeply coloured than 
ruber while others were scarlet rather than crimson. 

If ruber contains S and M and Bhagalpuriensis N, we should expect at 
least four different tones of colour SMn, SMN, SNm and Sum. In addition to 
these four tones of colour, differences of distribution would liave an effect and 
rhe number of scarlet or crimson phenotypes breeding true to S would be large. 
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It was possible to isolate at least three homozygotic forms which were 
^ predorainaiitly crimson and which yet were not rnher. The first n’as a form 

termed purple whicli was almost indistinguishable from ruber. The most 
striking dift’erence was the continuance of the colour to the extreme base of the 
plant whereas in ruher there is a little green at the base. Very careful 
, examination showed that the general colour was A'-ery slightly darker than 

^ , that of ruber and this was confirmed by examination of sections under 

. the microscope. The tone of colour by itself was not, how'ever, sufficient to 

differentiate the two forms by a casual examination. These purple forms bred 
true or split into a mixture of mher and purple. They were only found when 
ruber or alhus was crossed with BJiarjalpimensis. This purple form must 
represent therefore the intensification produced by the combination of the flushes 
in Bhapalpuriensis with the flush or flushes of ruber. Two other forms were 
isolated in this cross {ruher X Blmgalpuriemis) and bred true. These differed 
from ruber in the other direction, the colour was a clearer scarlet and less 
f* purple while the amount of green at the base and on the plant generally was 

much increased. These two forms were termed 0 and X. In 0, the lowest 
foot of the stem and the lowest foot of the main branches were green with 
splashes of red. The upper portion of the stem and branches were like ruher. 
The petiole was green at the back, red in front and at the base whereas in 
'• ruher it is red with a dash of green ; the bracts also were greener. In the form 

X, there was much more green present ; the lower half of the stem and branches 
were green with red splashes on the branches. These splashes increase in size 
until the top of the stem and branches are quite red. The petiole is like X 
but with less red. 

The large number of grades in the tone of colour of the crimson plants 
* in the Fg of this cross, the extraction of homozygotic forms both darker and 

lighter in stem colour than ruher undoubtedly indicate that the stem flush of 
Bhagalpmiensis is not contained in ruber but is controlled by an independent 
, factor. The results obtained in the cross albus x Bhagalpuriensis agree with 

; this. 

I#’-' 

These preliminary investigations thus indicate the presence of form factors 
governing the tone of colour of the stem, namely, S a scarlet flush, M a brown 
flush present in ruber, N a brown flush with a purple tinge present in Bliagal- 
jmriensis and Pj a pinlc flush present in intermedius. A good deal more 
^ j, work is required to confirm and finally establish these results. 

During the course of these experiments, evidence was also obtained that 
besides differences in colour, factors governing distribution are involved, U 
to the present, it has not been possible to define the factors more accurately 
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and very largo cultures would probably be necessary for- the solution of these 
problems. 

4. The corolla. 

In all the varieties except albtt.9, the corolla is yellow with a crimson 
eye. Just as it was impossible to obtain any plant without the factor for a 
certain minimum amount of red colour on the leaves and stem, so it was 
impossible to produce any type without the factor for the crimson eye. Var. 
albiis and other green phenotypes all possess this factor, although it cannot 
always find expression. There is a slight difference in the depth of eye colour 
between BJiagalpuriensitt and internmlivs but it is so small that a detailed 
investigation proved to be impossible. In tlie F] of the cross between these 
two varieties, the was as dee}) a crimson as that of intermediiis. In the 
Fa, all the flowers had crimson eyes showing that both varieties possess 
the same factor for crimson eye and that the difference must be produced 
by some factor of intensification or the reverse. 

There is only one other character of the corolla in which the four varieties 
difier from one another and that is the colour assumed by the petals while 
fading. The flowers of this species open late in the morning and close about 
midday, remaining open for not more than tliree hours. The closing of the 
flower is fairly rapid and the petals become twisted after the flowers have 
closed. During this period, a change takes place in the colour in some varie- 
ties, the yellow petals turning salmon pink. This occurs in Bhagal'jfmnenm 
and in mher but the intensity of the colour is not the same in both. It is 
much paler in Bhagaljmnensis. The petals of intermedius, on the other hand, 
never turn pink. They remain yellow until they wither. 

Bhagalpuriensis X intermedius. 

In the Fi, the corolla on fading turned a very faint pink and was thus 
intermediabe between the parents. The F 2 consisted of a mixture of plants 
with yellow-fading and pink-fading corollas in approximately the ratio of 
1 : 3. Those with pink-fading corollas could be divided into two classes, i.e,, 
those resembling Bhagalpuriensis and those resembling the Fj. The plants 
with yellow-fading corollas invariably bred true to this character in the F 3 
and in succeeding generations. Those with pinli-fading corollas of the deeper 
hue also bred true to this character while the more faintly coloured ones gave 
a mixed progeny of plants with yellow and pink-fading corollas, 
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Table XII. 


d7 


Inheritance in the F-2 of changes in the corolla colour in the cross 
Bhagalpuriensis X intermeclius. 


No. of culture 

No. of plants 

Corolla on 
fading j)ink 

Corolla on 
fading pale 
pink 

Corolla on 

1 fading yellow 

I . 

83 

24 ' 

! 43 

16 

n 1 

88 

28 

. 45 

1 15 

III ! 

144 

34 

75 

35 

IV 

! 147 

30 

88 

29 

V 

! 128 

21 

79 

28 

Totai. 

590 

137 

330 

123 

Ratio 


1 

2-4 

■9 

Expectation 


Ul'o 

29'i'O 

U7'5 


That the division into pink and pale pink wa.s not quite accurate is shown 
by the results of the F3 generation. 


Table XIII. 


Inheritance in the of changes in the corolla in the cross Bhagalpuriensis 
X inter medius. 


No. of culture 

j COLOTTE OIT COROLLA ON FADING 

Ratio 

Parent 

Offspring 

Pink : yellow 

1 

v'ellow 

yellow 



2 

Do. 

Do. 



3 

Do. 

Do. 



4 

Do, 

Do. 



5 

pale pink 

pink, piile pink 





and yc41o\v 



6 

Do. 

Do. 



7 

Do. 

Do. 



8 

Do. 

Do. 



9 

Do. 

Do. 



10 

Do. 

Do. 



11 

Do. 

Do. 



12 

Do. 

Do. 


401pink to 15: 

13 

Do. 

Do. 


yellow 2*7 ; 1, 

14 

Do. 

Do. 



15 

Do. 

Do. 



16 

Do. 

Do. 



17 

Do. 

l)ink 



IS 

pink 

Do. 



19 

Do. 

Do. 



20 

Do. 

Do. 



21 

Do. 

Do. 



22 

Do. 

Do. 



" 23 

Do. 

Do. 



24 

Do. 

pink, pale pink 



- 


and yellow 


1 
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The fa, (‘tor which produces this pink colour in tlie corolla is also respon- 
sii)lc for the red markings in the full grown calyx. In this species, the fruit 
is covered during the whole period of its development by the fleshy sepals 
which increase in size with the expansion of the capsule. In both the varie- 
ties under discussion, the sepals are green at the apices and at the base and 
yellowish green to colourless in the middle. In intermedins, there is no red 
colour on the calyx, while in Bhagalpuriensis the sepals are splashed ivith 
bright red (Plate VI). In the F2 of flio cross between these two varieties, all 
the plants in which the corolla remained yellow had calyces without any red 
colouration. This was found to hold in all succeeding generations. The 
remaining plants of the F2 all possessed calyces splashed wdth red but the 
amount of red colour varied from a few dots to something much more intense 
than the markings on the cap.sules of Bhagalpufiensis. In all these plants, 
whatever the amount of red on the calyx, the corolla turned pink on fading. 
The change in corolla colour is, therefore, associated with the existence of red 
colour in the calyx. It is not connected either with the amount or with the 
distribution which are controlled by other factors. 

Ruber X Bhagalpuriensis. 

As stated above, the corolla of both these varieties turns pink but the 
coloiur is much deeper in the case of ruber. In the F^ between these two 
varieties, the faded corolla was pinlv also. The tone of colour was intermediate 
between that of the two parents. In the F2, all the corollas turned pink 
on fading and the same was the case in the F3 and succeeding generations. 
As would be expected from the observations in the cross intefmedms X Bhagal- 
pitriensis, all the calyces in the F2 were either red or splashed with red. Thus 
the factor F which is present in Bhagalpniriensis and which is responsible 
for the change in the corolla colour and the production of red markings on the 
calyces, must also be present in ruber. This latter variety, however, possesses 
some additional factor which produces the intensification of the colour in the 
■fading corolla. The factor F is either absent or suppressed in intermedins. 

Similar results were obtained in the cross albus X Bhagalpuriensis. All 
( h© green plants with red markings possessed pink fading corollas and calyces 
splashed with red. 

5. The colour of the calyx. 

{a) The sepal tips . ' 

The first character which must be dealt with is the general ground colour 
of the sepal which is best seen in the mature tips. In albus, the tips are yellow', 
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ill intermedins, green, in BJiagalfwiemis, bright green. These differences 
are very distinct and are well shown in Plate The relation between green 
ti})s iind bright green tips was studied in the cross infermedius X Bhagalpm'ien- 
sis. The was intermediate between the two parents. Beyond ascertaining 
that the tips of the sepals were of three tones of green, the F2 was not further 
investigated. In the F3 and F4, however, detailed observations were made 
in most of the cultures. The results are given in the following Table : — 

Table XIV. 

Inheritance in the F2, and of bright green and green .sepal tips in the cross 
intermedins X Bhagalpuriemis. 


A. Cultures which split into green and bright green. 




COI.OUII OF SETAL TIPS 


No. or 

Total 



Nature of the bed markings 

OULTUltE 

PLANT.S 

Bright 

intermediit6 

ON the sepals 



green 

unci the 

19 


,111-3-8 

(36 

1(3 

50 

varied from none to markings li,ke tho,se 





of Bharjalpnriensis 

111-3-18 

66 

18 

48 

like Bhaijal'puricnsis 

111-4-3 

54 

9 

45 

like intermedvus 

111-4-5 

7 

1 

6 

Do. 

in-4~14 

4 

1 

3 

Do. 

1II-4-24 

18 

7 

11 

Do. 

111-6-29 

60 

11 

49 

vai'ie<l from none to marldiigs like those 





of Bharjnlpiirmms 

III-7-2 

34 

6 

28 

varied from inarkings like Bhagalpiirmish 





to something more intense 

III-13-4 

27 

7 

20 

varied from markings like those of 





Bhufjalptirmms to something more 





inten.se 

III-l.S-7 

28 

6 

22 

like Bhagalpuriemis 

111-13-21 

27 

7 

20 

all more intense than those of BhagaU 





jmriensis 

Ill-13-2oa 

20 

5 

15 

Do. 

111-13-43 

26 

6 

20 

all more intense than tliose of Bhagal- 





gmriensis 

II1-13-] 

25 

0 

19 

varied from markings of Bhagalpuriemis 





to something more intense 

Total 

462 

106 

356 


Ratio 


1 

8-3 


Expectation 


115-5 

346-0 
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L, Gulturos which bred true in the F3 and F4 to green and bright green. 



Pg GEKEEATIOsr 

F., GBNBUATWIn 

OULTUBB 

Total 
No. of 
plants 

Re(.i markings on the 
sepals 

Colour of 
the sepal 
tips 

No. of 
cultures 
grown 

CI<dour of the 
sepal tips 

III-i-2 

39 

almost colourless 

all green 

4 

all green 

III-4-48 

14 

like those of intermecUm 

Do. 

2 ■ ' 

both green 

IU-5-28 

17 

all more intense than 

Do. 


Do. 



those of Blutgalpuri- 
ensis 




111-5-32 


Do. 

all green 

3 

all green 

III-5-30 

7 

Do. 

Do, 




34 

Do. 

Do. 

4 

all green 

III-7-4 

33 

like those of Bhmjal- 

Do. 

3 

Do. 



purkmis 



111-10-36 

32 

like those of inkrmediua 

Do. 

_ 


III-10-34 

2S 

Do. 

Do. 

_ 


III-10-42 

29 

Do. 

Do. 

2 

all green 

111-10-44 

28 

Do. 

Do. 

_ 



1II-10-7S 

31 

Do. 

Do. 



III-13-3 

35 

varied from none to 

Do. 





luarldngs like those 
oi Bhagalpiurknsis 




I1I-3-22 

66 

Do. 

all bright 






gi-een 



III-6-30 

34 

more intense than those 




of Bhagalpurkmis 

Do. 

2 

all bright 






green 

III-6-31 

33 

like those of intermedins 

■ Do. 

_ 


1II-7-3 

25 

Do. 

Do. 

4 

all bright 

TII-9-1 





green 

34 

coloui’less 

Do. 

_ 

Do. 

in-9-12 

25 

Do. 

Do. 

3 

Do. 

Iir-9-13 

29 

Do. 

Do. 

5 

Do. 

in-9-39 

22 

Do. 

Do, 

2 

Do. 

ni-9-83 

.... , , 

37 

like those of iMfemedfww | 

Do. 

2 

Do. 
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It will be seen from this Table that bright green behaves as a simple 
allelomorph to green. It is also clear that the shade of green in tlie tip is 
quite independent of the red’ markings on the sepal. It is possible to get the 
red markings of Bhagaljviriemis combined with the green tips of intennedius 
and vice versa. Two interpretations are possible. We may assume that the 
green of the sepal tips in intenmdim is the normal and that the bright green 
tips are produced by the addition of a factor Gr, On the other hand, the bright 
green tips may be normal and the more yellowish green tips of intermedius 
may be produced by a colour restraining factor I which is only present in the 
flower and capsule and does not affect the rest of the plant. Taking into 
consideration the fact that the bright green of the sepal Bhagalpuriensis 
is the same shade as that of the epicalyx and of the plant in general, the latter 
seems the more probable explanation. 

The cross intermedius X alhus is an example of green tips X yellow tips 
but the investigation is somewhat complicated by the red factor which is 
latent in alhus. As stated on page 53, the F| is crimson and the F2 a mixture 
of crimson plants, green plants with red markings and green plants with no 
red colour. Observations on the crimson plants as regards this character 
are, of course, impossible. All the green plants with red markings had sepals 
with green tips like intermedius, while the sepal tips in the plants with no red 
colour were either green, yellow or a shade of green intermediate between 
these. The sepals with yellow tips formed about one-quarter of the whole 
number — ratio 1 : 2*7. In the F3, cultures breeding true to green tips and to 
yellow tips were found ; also cultures which again split into all three forms. 
The yellow sepal tips are only to be found among plants with no red colour 
{i.e., those in which R is absent) ; the green plants with red markings all had 
green sepal tips. Further observations in subsequent generations confirmed 
this point. The factor which produces yellow tips is therefore dependent on 
the absence of B. 

Further information regarding the constitution of the yellow sepal tips 
was obtained from the cross Bkagalpuriensis x albus. Here again yellow 
tips were only found on plants which were entirely green. In the plants with 
red markings, the sepal tips w-ere either green, bright green or a shade inter- 
mediate to these. In the F3 and F4, four homozygous phenotypes were 
obtained from the entirely green plants, i.e,, bright green tips, (green tips, 
yellow tips and a new form with olive green tips. Cultures splitting between 
these limits were also found. The detailed results as regards sepal tips of all 
the entirely green plants (22) produced in the F2 of this cross are given in 
Table XV. 
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Table XV. 

I}}heritance of sepal tip colour in the and i’4 of the 
Bhagalpuriemis X alhus. 


Fa UENJCRATION 1913-14 

F^ GESEKATION 1914-15 

No. of cultur 


No. of 

Ooloiii 

of the sepal tips 



culture 

Parent 

Offspring 

A5 

14 bfifrht green 

2 (j intennediiite 

12 olive green 

Aa-l 

Ao-2 

A5-20 

bright green 

olive green 

intermediate 

all bright green 

all olive green 

split bright green to 
olive green out of 
IS plants 5 ^vere 
bright green 

AlO 

yellow tips to olive 
green tip? o olive 
green plant? in 17 

AlO-3 

AlO-t 

AlO-5 

<jlive green 

intermediate 

olive green 

all olive green 

split into yellow, olive 
green and inter- 

mediate 

all olive green 

All 

7 yellow : 14 inter- 
mediate ; 7 oli^'e 

green 

All-2 

All-r. 

All-19 

intermediate 

olive green 

yellow 

i 

3 oli ve green 10 (F, -|- 
yellow) 

all olive green 

all yellow 

A19 

all oUve green 

A19-1 

A 19-2 

olive green. I 

Do. 

1 all olive green 

Do. 

A28 

all green 

A2S-1 

A28-2 

green 

Do. 

all green 

Do. 

A35 

all bright green 

A35-1 

A35-2 

bright green 

Do. 

all bright green 

Do. 

A39 

splitting enlture con- 
taining among other 
typos both bright 
green and yellow 

A39-8 1 

A39-21 j 

.)right green 

follow f 

all bright green except 

1 red jrlant probably 
a ci'oss 

ill yellow 
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Table XV.—conld. 


F 

GE^-EEATIOK 1913-14 


F* GENEfiATIOX 1911-1.5 

No. of culture 

Colour of the sepal tips 

No. of 

Colour of the sepal.s tips 

culture 

Parent 

Otlspring 

A4g 

all olive green 

A45-1 

olive green 

all olive grecti 



A45-2 

Do. 

Do. 

.A4S 

all yellow 

A48-1 

yellow 

all yellow 

A51 

Splitting culture con- 
taining yellow, 

bright green, olive 
green and green 

A51-3 

A51-4 

intermediate 

yellow 

splitting culture, 4 

olive green : 9 inter- 
niediate ; 5 yelhjw 

all yellow 



A51-7 

bright green 

all bright green 

ASS 

all green 

A83-1 

green 

all green 

A58 

all olive green 

A58-1 

olive green 

all olive green 

A79 

all yellow 

A79-1 

yellow 

all yellow 

A13 

splitting culture 




A22 

splitting culture 




A24 

splitting culture 




A31 

splitting culture 




A49 

splitting culture 




A54 

splitting culture 




A72 

splitting culture 




A78 

splitting culture 




A82 

splitting culture 





Out of 22 cultures, tlie following bred true, 1 bright green, 3 olive green, | 

2 green and 2 yellow. Cultures splitting from yellow to olive green and ^ 

giving a ratio of approximately 3 : 1 were obtained and a similar culture I 

splitting from bright green to olive green. Cultures containing bright green, I 

yellow, olive green, green and various intermediates were also identified. i 

These results show that in the production of yello-w tips another factor 1 
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must be involved in addition to I, tho (actor which reduces brisht green tips to 
green tips. The olive green ti])s are due to the action of this factor (wliicli 
may he termed Y) on bright green tips. If we denote the factor or group of 
factors which is responsible for the bright gi'ceu of the sepal tips (1, the following 
combmatio.ns would be obtained : — ^ 

Bright green .. .. _ GGiiyy 

•• .. GGiiyy 

Je'low .. .. ., .. GGIIYY 

Olive green . . , . GGiiYY 




Yellow or olive green .sepal tips are, however, only found in entirely green 
P ants. in tlie absence of R. Yellow tips are also eliaraoteristie of 
which was shown to be a erimson plant in which the colour was not developed 
».e.. in which S. IS present and R absent. 1 1 is possible that YY is, therefore’ 
nothing more than tlie combination S,S.t. Thi.s would explain the 3 • 1 ratio’ 
The green plants occurring in the F, „£ crosses with Mu. must contain this 
factor && ,n he following proportions ] ,S,S : Ss : 1, ss. The variou., sepal 
tips would^ therefore, be represented by the followdug combinations 

• • • . GQ-iissrr ■ 

.. GGIIssrr 
.. GGIISSrr 
• . GGiiSSrr ^ 

^ould fdso be bright green and GGIIssKE 


Bright green 
Green 
Yellow . . 

Olive green 
The combination GGiissRR w 


would be green while GGIISSER andGGiiSSRR would be crimson. 


(6) The red. colour on the sepals. 

In adchtiou to the changes in the tone of green, the capsules of the four 
varieties differ very markedly in the amount of red colour on the .sepals 
The capsules of tube, are crimson all over, those of Bkagdfutiemu have red 
splashes on the upper portion, while those of ulbm and intemeMu. appear, 
at farst sight, both to be entirely green. A closer examination shows that 
his IS only true of alhus. The sepals of intemialim have a flush of very faint 
pink dots on the lower portion of the sepal (Plate VI). As would bo expected 
no flush IS oimd in plants with absolutely green .stems, i.e„ those in which E is 
absent. Plants with red markings on the stem always have some red on the 

^pals even though it may only be a slight flimh im in uUermediue. As shown 

before m section i (p. 66) distinct red markings on the sepals are always 
associated with a salmon pink colour of the faded corolla. When the sepals 
show only the flush, the corolla remains yeUow on wither'ing. Neither the red 
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marlviiigs nor the flush, however, sliow any connection with the amount of red * [i 

on tiie stem nor with the tone of green of the sepals (jj. 69). It lias not been I 

possible to work out in detail the factors governing the nature of the red niarkiiigs : 

on the. sepals but they seem to be governed by factors regulating both the i 

colour and the distribution as was the case with the fluslies on the stem. In the 1 

F2 of bitennedius (green except for faint pink dots on the lower part of the calyx) 1 

xBhagalimriensis (red markings on the upper portion) a very large number of | 

forms are obtained, many of them much more heavily marked than BhagnJ- I 

puriensis. On certain plants, the sepals are so heavily marked with red that 1 

the whole fruit is almost covered (Plate VI), These forms breed true in i 

succeeding generations. They show two different tones of colour: (1) I 

pink like the flush on intermedius and (2) red like the markings of BJmgal- 

■purieusis. No calyces are found without any colour but some appear to have 

a fainter flush even than intermedins. Intermedius would thus appear to 

possevss .a factor for pink which is j)re vented from expression owing to the 

absence of F, the factor which produces the colour of the sepals and 

fading corolla. Bhagalptmensis contains another factor which produces 

the red tone. Znimwedfus also possesses a pink stem flush but the connection ■ 

(if any) between the pink colour on the capsule and the pink cnlour 011 
the stem has not yet been worked out. 

In addition to these two factors for colour, there must be factors controlling 
the distribution. The colour on Bliagalpuriensis is confined entirely to the 
upper half of the sepals, the faint pink dots 011 intermedius occm only on the 
lower portion, but the more highly coloured fruits extracted from the F2 are 
almost completely coloured. The application of the colour also seems to vary. 

It may occur as distinct dots or as larger splashes. This difference is well shown 
in Plate VI. There was a certain amount of variation in the distribution of 
the dots. In some, these were only found on the upper portion of the capsule, 
as in Bliagalpuriensis, but there were no splashes of continuous colour such 
as occur in that variety. In addition, individuals were found with a stronger- 
pink flush than in intermedium (Plate VI). As the disentangling of these 
factors necessitated more time and land than we have had at our disposal 
recently, or are likely to have in the near future, it seems best to record these 
observations now. 


Ill, SmiMAEY. 

For the sake of clearness, the results obtained by crossing the foiu- varieties 
may be given, in a general form. This wdll enable some idea to be formed of 
the genetic constitution of these varieties. 
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1. Intemiediiis X Bhagaljmnensis. 

Bhagalpuriensis, 

Stem. Crreeii with a red triangle above the petiole, brown flush over the 
upper half of the plant and over the base. 

Leaf. Pour dots on the back of the outer veins on the underside. 

Corolla . Pink-fading. 

Sepals. Tips bright green, red markings (splashes and dots) on the upper 
portion of the mature sepal. 

Intermedius. 

Stem. Green with two red triangles, one above and one below the petiole, 
a pink flush on the lower two thirds of the stem, a very slight brown, flush 
at the apex. 

Leaf. Five dots on tlie veins on the under side ; a band of red below 
the pulvinus, the pulvinus red. 

Corolla. Yellow-fading. 

Sepals. Tips green, very faint pink dots on the lower portion of the 
mature sepals. 

Fi. 

Intermediate in all respects between the two parents. 

Fa. 

Stem and -leaf. All the plants were green with red markings. Nothing 
was produced outside the limits of the parents. Six intermediate homozygotic 
forms were found due to the addition of the factors A (fifth dot), B (red band 
below the pulvinus) and W (red wash over the pulvinus) to X the factor or group 
of factors present in Bhagalpuriensis. These three factors which are quite 
independent of all other colour factors, each control a certain amount of red 
colour below the petiole and together form the red triangle present in inter- 
medius. As regards the coloured flushes, a slight brown apical flush was 
observed in all plants derived from this cross. If this apical flush be left 
out of account, several plants had clean green stems, others were completely 
covered by a dark purplish brown flush which was shown to breed true. This 
represents the union of the pink flush of intermedius with the browm flush of 
Bhagalpuriensis. These results would point to the existence in intermedius 
of one factor for the pink colour Pj and another for the distribution and in 
Bhagalpuriensis one factor for the colour N and one or two factors for the 
distribution. 
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Corolla, A mixture of pink, pale pink and yellow-fading corollas were 
obtained in the proportion of 1 : 2 : 1 approximately. Of tliese, the first and 
tile third bred true, the rest split as before. This change in colour of the 
corolla on fading %vas always associated with the presence of colour on the 
mature calyx but was independent of the amount and also of the stem markings 
and stem flushes. The presence of red colour in the mature sepals and conse- 
l queutly the pink of the faded corolla are controlled by a single factor P. 

Sepals. The colour of the tips varied from green to bright green, the 
i numbers indicating a difference of one factor. Thus if bright green be G, 

I green can be represented by GI. 

I I As regards the colour on the mature capsules, these varied from faint 

pink dots below like those of mtermediiis or less to a coloumtion of almost the 
whole calyx the tone of colour being both pink and red. It is suggested 
that infsrmedius possesses a factor P for pink plus a factor T for the 
expression of the colour on the lower half of the calyx while Bhagalpmiensis 
I possesses a factor D for red and a factor Q for distribution on the upper half 

of the calyx. Other factors regulating the appearance of the colour as dots 
(L) or as splashes (K.) are probably also present. 

A tentative genetic constitution for Bhagalpuriensis would therefore 
; be : — KsFXabw'pimNGipDtQLK plus factors for distribution of the flushes 

* on the stem. For intermedius the following is indicated : — RsfXABWPi 

miiGJPdTqLk plus factors for distribution of the stem flushes, 

2. Ruber x inter mednis. 

, > Ruber. 

Plants with a crimson flush over stem, petiole, leaf- veins, peduncles 
I epicalyx and calyx, A little green at the base of the stem. CoroUa fades a 

I deeper pink than in BJiagalpimensis. 

I 

I This is also predominantly crimson (slightly less intense than in ruber) 

I but the base and the lower eighteen inches of the branches are green with red 

I splashes ; the leaf -veins, peduncle and epicalyx have splashes of green ; the 

calyx is crimson but it is slightly less intense in colour than in ruber, _ 

r ' ! 

■"11 

Crimson plants and green plants with red markings on the stem and 
leaves were obtained in the proportion of 3 : 1. As regards the red markings i 

I . 

'I" ' ' ' ' ' I 


78 


STUDIES IN INDIAN FTBEE PLANTS 


f 

I 



on the stem and leave?, the colour of the sepal tips, the Jamt pink rm 
sepals and the (colour of the corolla on fading, the. extra(d('d green ].»1 
exactly similar to infenmlim. Ditferences were, however, observed i 
the stein flushes. Tiiese varied from pink to brown but nearly all I 
had a decided flush at the apex. Ruber possesses a brown flush M 
apical) which is not present in iniennedius. As regards the orimsc 
these varied in the distribution of the colour. About one-third bre 
red, the others split giving crimson plants and green plants with red 
in the proportion of 3 : 1. 

Ruber would thus appear to have the same constitution as « 
except as regards the factors governing the stem flushes. Ruber 
factor for the pink stem flush of intermedium but possesses the facto; 
produces a crimson colour over the stem and the whole of the calyx 
possesses a factor M for a brown stem flush. 


4. Album X intermedium. 


This resembles the Fj between ruber and intermedium. 
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numerical proportion indicating the ditt’erence of one factor. This factor YY 
is prohahl^" notliiiig more than the comhination SSrr. The iiuitiire sepals were 
all devoid of the faint pink dots of 

Tlie green plants with red markings resembled intermedim exactly except 
for the stem flushes. The sepal tips were all green and the mature sepals 
all had the faint pink dots of intermedius. In the next generation, about one- 
third of these plants bred true to everything except stem flushes ; the rest 
split into plants with red markings and entirely green plants in the- proportion 
of 3 : 1. The entirely green plants produced by the splitting of some of the 
green individuals with red markings all had green sepal tips. This is in 
agreement with the hypothesis that the yellow tips are produced vrLcu S is 
present and E absent. Unfortunately, the nature of the stem flushes on the 
green plants with red markings was not noted. Among the crimson plants 
some hred true to crimson ; some split again into three classes ; some gave 
only crimson plants and green plants with red markings (3; 1), and some 
gave crimson plants and entirely green ones in the proportion of 3:1. As 
' regards the coloured plants, this cross behaved exactly like ruber x 

! intermedius. 

I From the results of these two crosses we may conclude that alhus lias 

! the same constitution as ruber except for the absence of a factor EE which 

1 is necessary for the production of any red colour. Thus 

albus 'plus RR == ruber. 

5. Ruber X Bhagalpuriensis. 

This was predominantly crimson hut with a greater amount of green 
V than in the Fi of ruber X intermedius. 

E2. 

Crimson plants and green plants with red markings were obtained in 
the proportion of 3 : 1. 

Green plants with red markings. 

Stems and leaves. As regards these characters, the plants were not 
uniform as in ruber X intermedius but showed all gradations between the 
markings of Bhagalpuriensis and those of intermedius. Ruber must therefore 
contain the factors A, B and W which convert the markings of 

3... 
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Bkafialpurioisis into those of intermedins. This confirms the results obtained 
in the cross rnher X intermedins. The fliislies on the stem varied from 
no flush to a dark brown flush Avhich bred true. Tliis proliably ('('.presents 
the union of the brown flusli present in ruher with the brown flushes of 
Bhatjal'puriensis. The tone of this dark brown flush is quite distinct from 
that of the purplish brown flush produced by the union of the pink flush of 
intermedins with the brown flush of Bhagal'jmriensis. The presence of this 
dark browii flush and the occurrence of some plants with no flush show that 
tliebrowui flush of ruber is governed by a diflereut factor to that controlling 
the brown flush of BliagaVpuriensis. 

Corolla. In all plants, the corolla turned pink on withering showing that 
both parents possess the factor F for colour production in the calyx. 

Sepals. The tips varied from bright green to green indicating the 
presence in ruher of the factor I. The red markings on the mature sepals 
varied from something less than the markings of Bhagalpuriensis to an almost 
complete colouration of the calyx and both the pink and dark red colours were 
present. Some of tlie least highly coloured calyces showed the red colour in 
dots only. This would indicate the absence in ruber of the factor which 
converts dots into splashes, and the presence of the factor for pink colour. 

The fact that in the F2 all the mature calyces have red markings point to 
F being present in both ruber and Bhagalpuriensis. On the other hand, in 
the cross ruber x intermedius only calyces without red markings (except for 
the faint pink dots) were produced. The scarlet stem flush SS is, however, 
unlike the other stem flushes, never found without scarlet capsules and the 
simplest explanation would seem to be a complete linkage of S + F whenever 
both are present together. 

Crimson plants. 

The 97 plants comprised in this class differed among themselves very 
widely as regards the distribution of the crimson colour and the tone of the 
colour. All (except 3 which were too feeble to give seed) were grown in the 
F3. Thirty-four plants gave offspring which were all predominantly crimson, 
sixty split into crimson plants and green plants with red markings. These 
thirty-four plants varied among themselves as to the amount of crimson 
colour present. A certain number were more completely coloured even than 
ruber (especially towards the base) and the colour was a somewhat deeper 
purple. Some of these cultures bred true in succeeding generations, others 
split between this purple form and ruber. When this extracted purple form 
was crossed on to ruber, only red plants like the two parents were produced. 
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When crossed on to Bhagalpuriensis and internicdim, the purf)le form be-liaverl 
exactly like ruber as regards the factor S. The purple form represents 
the union of ruber with the brown flush of Blmgaljmriensis. Tlius if the 
stem flushes of ruber be represented by SM, the purple form w(mld bo 
SMN, where N is the brown flush of Bhagalpuriensis. 

Another crimson form was identified and found to breed true in 
succeeding generations. This was slightly less crim.son and more scarlet in 
tone tlian ruber and the lower foot of the stem was green. Indications were 
obtained of other homozygotic crimson forms dc])ending on the distril)ution 
factors connected with tliese flushes and a pure scarlet form has been 
identified but has not yet been proved to be homozygous. 

6. Albus X Bliagalpuriensis. 


The Fi was crimson but with more green than ruber and resembled the 
F] of ruber x Bhagalpuriensis. 

F2- 

Three classes of plants were obtained, crimson plants, green plants with 
red markings and entirely green plants. The green plants formed about one 
quarter of the whole, the green plants with red markings one quarter of the 
remainder. All the Fo plants were continued into the Fg. 

Plants entirely green . 

These proved to be homozygous to this character. They differed only 
in the colour of the sepal tips which were bright green (GGiissRR), green 
(GGIIssRR), olive green (GGiiSSrr), yellow (GGIISSrr) or intermediate 
between these four homozygotic forms. Several plants with bright green 
and green sepal tips were crossed on to intermeclius and Bhagalpuriensis. The 
F2 gave entirely green plants and green plants with various amounts of red 
markings showing that the extracted green plants consksted of green plants 
with red markings in which E,R was absent. No scarlet plants were obtained 
thus confirming the conclusion that yellow sepal tips denote the presence of 
S, the factor for scarlet. These extracted green plants when crossed among 
themselves or with albus gave, as would be expected, only green plants in 
the F2. 

Green plants with red markings. 

Stem and leaf jnarkings. These varied from those of Bhagalpuriensis to 
those of intcrmcdiiis. Intermediates w’ere found but nothing which could not 
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he reprosentetl by the factors X, A, B and W. Certain individuais in the F 3 
produced only green plants with red markings, the others split giving sonui 
entirely green plants (3 : 1). 

Gorolla. In all the plants, the corolla turned pink on fading. 

Sepals. The tips varied from bright green to green, indicating the 
presence in albus of the factor I. The mature sepals all had red markings. 
These markings varied from something less than those of Bhayalpuriensis to 
calyces which were almost completely coloured. The observations on the 
calyces were made at an early stage of the investigation and fidler details are 
unfortunately not available. As far as the notes go, the calyces seem to have 
resembled in their markings those obtained in the last cross. 

Grimson plants. 

Some bred true to crimson, others split into crimson and green (3 ; 1 ), 
some into crimson and green with red markings (3:1) while others re])roduced 
the F 2 generation. These crimson plants varied very considerably but could 
not be further analysed. The presence of the purple form produced by the 
union of ruber plus the brown flush of Bhayalpuriensis was, however, 
demonstrated. 



IV. CONCLUSIONS. 

The investigation of the factors governing the inheritance of the colours 
in Hibiscus Sabclariffa, although incomplete, appears to justify the following 
conclusions: — 

1. There exists a factor R which is necessary for the expression of red 
or crimson colour in any part of the plant. Colour is also produced in the 
presence of Hr. This factor is absent in albus. 

2 . The presence of R permits the jiroduction of red colour in the stem, 
leaves, corolla eye and pollen. The production of red colour on the mature 
calyx and in the fading corolla is, however, dependent on another factor F. 
This factor only affects the calyx and corolla. It is absent in intermedins 
h\LtyxeiS,exitmriiheraMBhagalpimensis. 

3. The red markings on the underside of the leaf and on the stem (both 
in the axil of the leaves and below the petiole) are controlled by the same 
factors. 

4. The factor or group of factors X responsible for the red markings in 
Bhagaipiiriensis (four dots on the outer veins of the leaf and a red triangle 
above the petiole) occur in all the four varieties. It has not been possible to 
produce by hybridization a phenotype without these. 
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5. Three iiidepeiident factors A (dot on the fifth vein), B (band below 
the petiole) ami W (red wash on the petiole) are combined with X in the 
markings of intermedium. In addition to their effect on the. leaf and petiole, 
each of these factors is responsible for some red on the stem below the. 
petiole. All three together produce the lower red triangle on the stem. 

b. Ill addition to the red markings, continuous flushes of colour are 
present on the stem. These flushes vary in colour and in distribution. The 
most consjiicuous is the scarlet flush found in riiher which is governed by the 
factor S. This scarlet flush is always associated with scarlet calyces and 
pink fading corollas, i.e., S is alw^ays linked with F. The distribution of S 
varies but the crimson colour is never found at the base only. The crimson 
colour of ruber is produced by the presence of a brown flush M (which can 
exist independently) as well as S. In addition to these two flushes, tw'o 
others exist, a pink flush in controlled by the factor Pi and a 

brown flush N in BJmgalpuriensis. ; The imion of Pi and X produces a 
purplish brown flush, the union of M and N a dark brown flush, the union 
of ruher {i.e., SM) and N produces a purple form slightly darker than ruber. 
Although both M and N are brown they are not alike. In addition to the 
factors controlling the colour, these flushes are influenced by distribution 
factors wdiich may in some cases be linked with the colour but this point 
has not been sufficiently investigated. 

7. The differences in the tone of colour of the sepal tips has been 
investigated. Eepresenting the bright green of the sepal tips of Bhagal- 
puriensis by Cl, the green of iniermedius is due to the addition of a factor I. 
The yellow colour typical of alhus has been shown to occur only when S is 
present and K is absent and is represented by the genotype GGIISSrr. 
Another homozygous tone of colour, olive green was produced during the 
course of the investigations. This represents the genotype GGiiSSrr. 

8. The factors governing the colour on the mature calyces has not been 
hilly investigated. There appear to be two factors for colour P representing 
the piiffi present in intermedkis (although this is only faintly visible owing 
to the absence of F) and a factor D present in Bhagaljmriensim which 
converts this pink into dark red. Distribution factors, independent of the 
colour factors, also occur, intermedius probably possessing a factor T for the 
presence of the colour on the lower half of the capsule, Bhagalpuriensis a ■ 
factor Q for the occurrence of colour on the upper portion only. It is 
possible that in the future these factors may be proved not to be simple but 
a group of several factors. In addition, factors, are present for the mode 
of occurrence of the colours, the factor L present in intermedins producing 
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dots. Bhagalpuric'ims probably possesses a factor K whicb (soiiverts these 
dots into continuous splashes or produces splashes in addition to dots. 

t). The following is the list of factors suggestt'.d by these 
investigations ; — 

It a factor which is necessary for the expression of all red colour, 
if a factor which allows the production of red markings on tin*, calyx 
and of pink in the fading corolla. 

X a factor or group of factors responsible for the red markings of the 
leaf and the stem in 

A a factor ])rodiicing a red dot on the central vein of the leaf. 

B a factor producing a red band on the petiole below tlie pulviniis. 
W a factor producing a red wash on the pulviniis. 

Bj a factor for the pink stem flush in mtermediuti. 

M a factor for the brown stem flush present in ruho.r. 



N a factor for the brown stem flush present in BhagaVpifrioisw. 

S a factor for the scarlet stem flush present in niher. 

G a factor responsible for the bright green of the sepal tips in Bhagab 
puriemis. 

1 a factor which converts bright green sepal tips into the green tips of 
inlermedius. 

i* a factor producing pink markings on the mature calyx. 

D a factor responsible for the dark red colour on the calyx of 
Bhagalpuriensis. 

T a factor controlling the distribution of red colour on the lower part 
of the mature calyx. 

Q a factor controlling the distribution of the red colour on the upper 
part of the mature calyx. 

L a factor present in inlermedius by which the red colour on the 
mature calyx appears in the form of dots. 

K a factor which is present in Bhagalpurknsis by which the red colour 
on the mature calyx appears in the form of splashes. 

10. From the results of hybridizing the four varieties of Hibiscus Bab- 
dariffa among themselves they would appear to posses>s the following genetic, 
constitutions: — 

Bhagalpuriensis RsFXabwpimNGiiiPtQLK. 

Intermedins EsFXABWPjimnGlPdTqLk. 

Buber B(S+F)XABWpiMnGlPdTqLk. 

Alhus r(S+F)XABWpiMnGIPdTqLk. 
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Ail probably also coutain factors regulating tlie i 
fluslies. 

It is liupeil that the publication of these result; 
may be of use to future workers on this species. 


althon: 


Pusa: 

Wi November, 192; 




THE - MAHALl '^ DISEASE OF COCONUTS 
IN MALABAR. 


BY 

S. SUNDAEARAMAN, M.A., 

Qffd- Govenmient Mycologist, Coimbatore ; 

AND 

T. S. RimAKRISHNAN, M.A,, 

Assistant in Mycology, Coimbatore. 

[Recoived for i)ubUcutiou on the 15th December, 1923.] 

The coconut palm is very extensively grown on the West Coast and the 
prosperity of the major portion of the population depends upon a good return 
from this crop, so much so that in some places the wealth of a man is calculated 
by the number of coconut trees he owms. Hence any disease which is likely to 
affect this palm seriously will be a heavy blow to the material welfare of the 
locality. In many parts of Malabar, Kanara and Mysore, the arecanut palm 
has been for some years jmst suffering from a disease called “ Mahali ” or 
“ Koleroga ” which causes the nuts to rot and fall of from the bunches and 
in extreme cases affects the crow'ii of the palm itself. A disease resembling 
it in several respects has recently been noticed affecting the coconut trees 
in certain parts of Malabar as showm in the map. As the symptoms of the 
disease in both cases are similar, the garden owners in the tract call this 
also the ‘‘ Mahali ” disease. 

This disease was finst noticed in August 1 922 after the heavy south-west 
monsoon in a garden at Perambalai Arasam (Cochin State) bordering on 
Ohalleserj (Ponnaiii Taluk). In this garden coconut palms were grown inter- 
.spersed with arecanut palms. A large number of young and nearly mature 
coconuts \vere found dropped from the trees. A violent shake of the crown 
brought dowm several nuts that had rotted on the bunches. No further 
reports w^ere received during the year. But after the imu.sually heavy rains 
in August 1923, reports of nut-fall were received from various places in the 
Ponnani and Walliivanad taluks. Generally, in these taluks various kinds 
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ot treosfire grown in one and the same garden. The encnimt, nreeannt and 
sago jjidinsj jak and mango are all planted iiulis(‘riniinai(']y and close to 
one anotlicr. This jmar the “ Mahali disease of arecamits was very viruhmt 
in this locality and almost every garden was ahected. In l lu‘ majority 
of the gardens the coconut palms also suffered from this. 



A disease similar to this niit-fall of coconuts has been recorded by 
Mr. Petcld in Ceylon in the year 1917. It is said that an extensive fall of 
^ Petch, T. Nut-fall and leaf dxoop of coconuts. Oeylon Depi. Agri. Leaflet G. ' 




PLATE 1. 



COCONUTS AFFECTED BY -MAHALI” DISEASE. 



ExmNATI0N OF Flaie I. 

Coconuts aiTcolntl by “• MEahaH ” disease 2 ^ 

A 81u)wiii|2 diseoiofation on the surface with mass of whitish luycelium; 
H A cotiouut out open showing the coateiits rotten ; 

U WuUograph of rotten coeonuts cut opoiu 
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nearly mature rmtR oceiiiTed after tiic licavy rains. Tlie fnllon nuts are 
found to be diseased and discoloured and a Phytojilitliom species is said to 
cause the disease. In 1920 Mr. Ashby' noticed a imt-fnll in Jamaica, -whic.b he 
attril)utes to a strain of Phytoflitliora fahnii'om Butl. j\Ir. Gadd,2 Assistant 
Mycologist, Ceylon, comes to the conclusion that “ the fall of very young 
immature nuts— buttons — shortly after the opening of the inflorescence must 
be regarded as a natural consequence of the production of an excess of female 
flowers. It is not normally a diseased condition though external factors such 
as drought may adversely affect the fall of such immature fruits. Tbe 
fall of older but still immature nuts may be due to two causes ; (i) Organic, 
including the attacks of fungi particularly Phytopldhorri sp. on the nuts oi- 
nut-branches ; (ii) Mechanical or physiological, i.e., due to environmental 
conditions, e.g., the breaking of the fruiting branch due to the removal of 
the support given By the subtending leaf.” In a subsequent paper, ^ he says 
that the fall may be caused by a water-logged condition of the soil after the 
heavy rains which cuts of! the air supply to the roots, thus interfering with 
the vital processes of the roots. This may lead to a reduced absorption of 
water which in eflect is equivalent to a water shortage. 

The fall of the nuts referred to in this paper is caused by a fungus. Nuts 
of all sizes varying from small ones to those nearly mature are found to drop 
down. The fall was fairly common but heavy after the incessant rains of 
July and August. When the fallen nuts are examined they are found to be 
of a dark brown or blackish brown colour at the base, the place of attach- 
ment (Plate I). These discoloured patches are in some cases confined to the 
basal region of the nuts alone or in others extend to nearly the basal half of 
the fruits. They present a water-soaked appearance. Newly fallen nuts 
show on examination a whitish filmy growth of fungus over the brown patches 
(Plate I, A). This growth consists of the mycelium and sporangia of the 
fungus {Phytoyhtliom sp.) causing this disease. On breaking open a fallen 
nut the husk is found soft and rotten in patches where there is external 
discoloration. The kernel is soft and partly or wholly rotten, depending 
upon the stage of the disease, emitting a very unpleasant odour and being 
unfit for consumption (Plate I, B and C). When examined under the 
microscope it is found fully invaded by the mycelium of the fungus. The 

^ Asliby, S. P. Notes on two disease.s of the cocount palm caused by fungi of the genus 
PhytopUliora. West Ind. Bull., XVIII, p. 63. 

3 Gadd, 0. H. Nut-fall of coconuts. Geijlon Dept. Agri. Bull. 53. 

3 Gadd, 0. H. A possible physiological cause of nut-fall of coconuts. Year-Book of Dept. 
Agri., Geyhn, 1923, 
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Hiilk nf t lit' tm};. is brown in ooloiir.'oiviiig a JVnt-.ifJ smoll. Somofinnss 1 he si alks 
of (111- l,ruit lJu‘ mil' brniu-lies unij be afe'ted. Tlie mMlii jixis o! (he 
inlloresfenee end the individual nut branches turn dark brown and rot 
(Idatu id, ! ), with the result llial; all the nuts on the diseased bunches drop 
oil thouglr the nuts tlicinselves may not liavc beeji atfectr'd, I’lu' liyplite are 
found (ill sections of the j)ericarp of young fruits) to be mainly inter-eellular 
and send in finger-shaped haiistoria into the cells. 

From the young rotten nuts received, the fungus wuis brought into 
culture. Single germinating sporangia from agar plates were pi('ked out by a 
platinum scoop and transferred to oat agar tubes. They germinal e readily 
in glucose agar m3 to 4 hours. The fungus grows luxuriantly on oat-juicta 
corn-meal and French-bean agar cultures and on boiled rice wilh the 
production of numerous sporangia. On starcli agar the growth is scanty 
but sporangia are formed. On sterilized bits of young nuts phaced in lloiix 
potato tubes there is a good growth of the fungus with copious formation 
of sporangia. Neither in artificial cultures nor in nature are any oosjiores 
noticed. Only sporangia are produced. These measure from 32 — G4 >: 27 
— • 42ju.. This fungus resembles PhytopJithora omnivora yuv . Arecev in every 
respect. The morphology of this fungus has been very elaborately 
dealt with by Dr. Coleman in his Bulletin.' 

With the fungus from cultures, inoculations were made at Coimliatore 
on fruits and buds of coconut and arecanut palms. The fruits were 
placed singly inside moist chambers or bung in bunches inside glass cages. 
Fruits on the standing coconut trees also were inoculated. Bits of the fungus 
mycelium and suspensions of sporangia and zoospores were used. The 
climatic conditions of Coimbatore are unlike those met with on tlie West 
Coast. This fungus seems to thrive well only in an atmosj)her(i satui'at('d 
with moisture after heavy rains as cm the West Coast and unlike ihat at 
Coimbatore. Yet all attemj)ts were made to create the same atmospheric 
conditions artificially by the use of damp cotton-wool and spraying the plants 
with water every morning and evening. The nuts used for infection in the 
laboratory were .sterilized, by first dipping tliem in mercuric chloride solution 
(of 1/1000 strength) and then washing them with sterile water two or three 
times. The buds were enclosed within broad chimneys wliose emls wen' 
loosely plugged with cotton-wool. A fine spray of .sterile wat(n' was given 
to keej) the inside of the chimney moist. 
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Experimbnt I. {condd. 



iitrol . . ! . . . . i . . No discoloration. 


Experiment II. Coconut Phytophtliom on arecanut. 
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lljiISljLT.S OE INOCnrLATlOA’S, 
f 1) Vvconnl Phylopliihura on cocoonl. 

Coconut fruits inocuinlcd witli liu* fungus (Ica-cIojhuI sjjiuU brown spot/, 
uf tlic phico of inoculation in six lo seven days after tlie date of inoeiilalion 
(Plate II, '2). Tliese spots gradually increased in si^ie until the whole of 
tlie basal region assumed a dark brown ctdour. A whitisli growth of (he 
fungus with a copious formation of sporangia appeared <jver the discoloured 
areas. On cutting open the nuts the pericarp was found to be soft and 
rotting. Sections of the pericarp showed the jueseiice of the inter-cellular 
mycelium with the fingershaped haiistoria projecting inside the cells. The 
fungus infects the. young fruits readily without woumliug. But a fully 
saturated a tmo,sj>h ere seems to he absolutely necessary, .since one set of 
inoculations conducted when the climatic conditions were <lry was not 
.successful in spite of using moist cotton-wool. Th<' fungus, so fai\ 
i.s known to be confined to the fruiting bunches and not aliecting the 
bud. Buds which were inoculated after wounding .showed only .small 
locali.sed spots while those which were not wounded did not take infection. 

(2) Ooconul FlrifUyplilhom on aremnut. 

Arecanut buds and fruits inoculated with the fungus isolated from 
coconut.s readily take the infection. The nuts rot and fall off the bunche.s. 
As noticed, in the *'• Mahali disease of arecanuts, a greyish white coating of 
the fungus appeared on the fruits. Thus fi-oin tlie re.siilts of the inocula- 
tions, it is seen tliat the fungus causing tlie "■ Mahali or nut-fall of 
coconuts is the same as tlie one re.spon.sihle for the Mahali ’’ disease of 
arecanuts, 

(3) Arecanut PhytopUhora on coconuts. 

Arecanuts affected by “ Mahali were obtained and the fungus 
PhytopJithora omnwora var. Arecre isolatetl from them. Four coconuts about 
three inches long were inoculated with this fnngiis, and kept inside moist 
oliarnbers with sterile moist cotton-wool over them. In six to eight days 
brown patelies formed on the fruits round the inoeulated places and these 
gradually increased in size. The control was not affected. No spot 
formation was iioticf'd in any of these. Experiments tried on standing 
cocoimf tr(‘('s .sIiowcmI ;i1so jmsitive results. 

So far lliis (iis<‘a.se ha.s heen noticed oidy in a few localities, tliougli it 
camiot be said with certainty that it is confined to the places shown in the 
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map. From tlio few reports received, tlie mit-fall a,|)pears to be not 
very serious and sliows itself only in gardens wliere tlie two palms (arecaiiiit 
a iid coconut) are grown together and wliere the Mahali ” disease on the 
former has been severe. The “ Mahali ” of arecanuts has been prevalent in 
illalabar for several years and the appearance of the disease on coconuts 
growing in arecanut gardens affected by “ Mahali clearly shows that the 
source of the disease on coconuts must obviously be from arecanuts. From 
the arecanuts to the coconuts, when the favourable conditions prevail, is 
but an easy step. When the arecanut palms in a garden are sprayed 
sufficiently early an<l “ Mahali ” is prevented, nut-fall in coconuts does not 
appear in that garden. Jn one garden in Mullesseri, South Malabar, there 
was a sever <i outbreak of the disease on arecanuts last year. This spread 
to several coconut palms and there was nut-fall. But during this year 
the owner sprayed the arecanuts early in the season and thus prevented 
the appearance of the disease. No disease has ajipeared on the coconuts 
also. 

The control measures adopted to check the “Mahali^' disease of 
arecanuts can well be employed as effectively in the case of the coconut 
disease also. Before commencing to spray, all the diseased and rotten nuts 
should be picked Up and burnt along with the rotten and decayed stalks 
and inflorescence branches collected from the tree. The bunches should be 
sprayed just before the rains set in and once again at interval of clear weather. 
This may be done when the arecanuts are being sprayed. Every coconut 
palm growing in a group of arecanuts in an infected area should be sprayed 
with Bordeaux mixture as a preventive. This is the only method of 
combating the disease. The cost of spraying the bunches on a coconut palm 
is twice that of spraying the bunches of an arecanut, i.e., it comes to about 
Es. 2-1-0 for 100 trees or about 5 pies per tree. One imt saved will meet 
this cost. On an average the income from each coconut tree is about 
Rs. 2 per"aiinum. 

Summary. 

■A'dis.e%e/ of eoconuls called nut-fall or “ Mahali ” lias been noticed in 
certain parts of Malabar after the heavy south-west monsoon during the last 
:wo years. Young as' well as nearly mature nuts fall off in large numbers. 
Tlie bavsal portions of the fallen nuts are of a dark brown colour with a 
of the fungus Fhyto'ijMhora sp. over them. The -kernel of the 
affected fruits is rotten and useless. Sometimes the inflorescence axis and 
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Inoculation experiments show that the PhytophtJiora sp. is the cause of 
the disease. Cross-inoculations prove that this fungus is the same as the 
one — PliytopMhora omnivora var. Arecw — ^v^hich causes the “ Mahali ” or 
“ Koleroga ” of areoanuts. The disease appears on coconuts only in gardens 
where they are grown interspersed with arecanuts and where the latter are 
affected by “ Koleroga,” and coconuts get the disease from arecanuts. 
Spraying with Bordeaux mixture was recommended as a remedial measure. 
It has been found successful in preventing nut-fall wherever tried. 
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THE EEADICATION OF GYPERU8 R0TUNDU8 h. 

(A STUDY IN TUBE AND APPLIED BOTANY). 

■ BY 

S. B. BANADE, B.A., M.Sc. {Bom.) 

[Under the direction of a Research Oommittee of the Bombay Department of 
Agriculture). 

ArEANGED AND WRITTEN 
BY 

W. BUBNS, D.Sc, (Edin.), 

Economic Botanist, Bombay. 

I. Introduction. 

The contributions of scientific research to agricultural development in 
the past have been enormous. In fact the entire structure of modern 
agriculture is founded on scientific discoveries. It will, however, only 
require a hasty and superficial survey of the situation to indicate that 
the opportunities for still further contribution are even greater at this 
time than they have ever been in the past. Certain fields of agricul- 
tural research have been almost entirely neglected up to the present 
time. Probably the most outstanding one is the weed problem. Weeds 
undoubtedly do as much to reduce the annual crop as do insect 
pests or plant diseases and yet they are Just beginning to receive 
attention.”^ 

The research described in this memoir has been done under auspices and 
in a manner which themselves deserve a short description. 

1 Research Work of the Department of Agriculture, by E. D. Ball, Director of Scientiflo Work, 
U. S. Department of Agriculture, in the Ghemical Age, article copied in full in the American 
Fertilizer, Jan. 26th, 1924, pp. 62-68. 
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The li'iistees of the Sassoon David Trust Fund, Bombay, have from time 
to iiine made grants for research \7ork in connection with agricultural de.vclop- 
nient. fn tha present instance, they supplied the means “ for the investigaiiioji 
fjt the eradication of the most serious weeds of cultivation, and (^specially of the 
weed,” this purpose being so outlined by the Direcdor of Agriculture 
Di. H. H. Mann, in making his proposals. 

It was early decided to concentrate on the larala weed, OyjKrm rotmulm. 
All writers agree as to the noxious character of this wood. Coolcei says “ A 
very teonWesome weed of cultivation, eradicated rrith difficulty owing to the 
stolons becoming woody.” Roxburgh^ states, “ Tliis is by far the most 
common species wc have in India; it delights in a moist sandy soil though 
it grows abundantly everywhere. It is by &r the most troublesome weed 
we are m our gardeia. there is no extirpating it as every little hit of the 
root „tows readily. 5 his character is confirmed by a remark in a recent 
American pubhratiojv that “ nothing serves so well to propagate it as to 
plough and re-plough with a view to tlestroy it.” 

In a letter to the Sassoon Davhl Trust Fund Trustees in 1920 the tlien 
ectoi 0 Agriculture of the Bombay Presidency, Mr. Keatinge, said, “ The 
problem of eradication, particularly in some of our most fertile areas like 
mobthlv f mid the lavala weed itself ' 
per emi” to 30 

The plant is widely distributed in all warm regions. It is impossible 

Sir and tr*'" It is found in Australia, America. 

Africa, and the warmer parts of S. Emope, and. in fact, anywhere in the 

tiopies, sub-tfopics and adjacent regions. 

Ite mam peoufiarity and its main strength are the tubers formed on 
p™pagteXffi™‘'^.'‘""“'^’ “““ “P loocl and 

The organisation of research in general and agrioultoral research in 
particular i, the subject of eondderable discuasion and trial in most counties 
the present moment. In this, as in several other of our recent departmental 
researches, we have Mowed a method which has proved efficient and which 
seems to have found favour elsewhere also. This was to control the reseLh 
by a committee in which various interests were represented and wit^a dl 
man w ose own technical and admiiii.stratiyo teaining would enable him’ to 

* Georgia, Ada. Manual of Weeds, GS, 1914. 
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guide tile actual worker or workers. The committee appointed by the Director 
of Agriculture consisted of— 

The Economic Botanist to the Government of Bombay 

(Chairman) .. .. .. .. ‘ Dr. W. Burns. 

The Professor of Agriculture, Poona College of Agricul- 

•• •• •• .. Prof. J. B. Knight, 

^ and later . . . . . . . . ^ 

The Deputy Director of Agriculture, Gujarat . . Rao Saheb Bhimbhai 

Desai. 

For the actual conduct of the research Mr. S. B. Ranade, B.A., xM.So. 
(Bom.) Bombay, was selected. His work was planned by the committee and 
carried out under the personal supervision and with the assistance of Dr. W. 
Burns. The laboratory work was done in the laboratory of tlie Economic 
Botanist, College of Agriculture, Poona, and the field work on various farms 
of the Bombay Department of Agriculture, on certain privately owned 
fields and in the Empress Gardens, Poona. 

The object of this research was to find means of eradicating the lavala 
weed. This is not the first time that departments in India and elsewhere 
have addressed themselves to this problem. Their method of attack has 
usually been experiment on a field SQale with agricultural implements. 

After careful consideration the committee came to the conclusion that 
there was really only one sound way of dealing with this problem, namely 
to study the lavala weed itself first, and get to know all that one could about 
Its life cycle, and then to attack it at the weakest point of that life cycle. 

ft was recognised that this meant in the beginning a botanic^d enquiry 
with possibly slow progress, but that the foundation of sound scientific know- 
ledge so laid would bear the weight of any superstructure of agricultural 
practice that might be built up as the result of that work. 

The results have entirely justified the method of controlling the research, 
the choice of the actual worker, and the decision to study first the plant and 
only later to deal with field practice. 

The whole research is here described. 

II. The Botany or Cyperus rotimdus, L. 

1. Systematic Position, 

The natural order Cyperacem is a well-defined family, superficially 
similar to grasses but differing actually in many essential points, both botani- 
cally and agriculturally. It is not essential in this Memoir to go into tliese 
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details, whicli are availablcs in any text-book. The ge-iiiis Cyperus itself 
belongs to the sub-family of the Scirpoidm-Ofperincm and nnin])ors about 
400 species, mainly found in the tropical and sn.b-troj)ical regions of the 
earth. In South England there are two species, rare in occurrence. 

Gyperus rotundus is cosmopolitan within the limits of distribution of the 
genus and is, in all the countries where it occtu’s, a formidable weed of cultiva- 
tion, Possibly for this very reason it has not received that detailed study 
at the hands of botanists which rarer plants enjoy. In the various floras 
of India the plant naturally finds a place and we quote here Hooker’s^ 
description. 

“ India, alt. 0-6,000 ft., a pestiferous weed. Distrib. All warm regions. 
Glabrous. Stolons slender, up to 4-8 in., hardening into wdry roots, 
thickened into black woody ovoid tubers l-l in, in diam., not 
(or very obscurely) zoned. Stems subsolitary, 4-32 in. at top 
triquetrous. Leaves long, often overtopj)ing stem, (V-|- in. broad. 
Umbel frequently compound, primary rays 2-8 in., spikes loosely 
spicate of 3-8 spikelets ; but umbel sometimes large, sometime 
reduced to 1 head and (in a common Calcutta form) to 1 spikelet.” 
The plant is listed by Clarke® but not figured. ' 

2. Co7nmon OJiaracters and Names. 

Gyperus rotundus is easily recognizable. Its leaves spring directly 
from the ground without any apparent stem. They are of a peculiar bright 
green and are marked by a deep furrow in the middle. When full grown 
they sprawl about on the surface of the soil. The plant thus has a charac- 
teristically untidy habit. (Plate I, 1.) From the centre of the rosette of 
leaves springs up the grass-like inflorescence. A plant so common, so 
detrimental to agriculture and so recognizable was bound to receive common 
names. In the Bombay Presidency its vernacular names are Lamia and 
NagarmotJia (in Marathi), Gundardo (in Gujarati), and Korai Teh (in 
Kanarese). The Tamil name is Kizhangu. Throughout this memoir, when 
referring to the plant by its common name, we shall call it Lavala. 

3. Varieties. 

. In Gujarat two forms of the plant are distinguished by the people and 
named Chido and Chidi. In Chido vegetative growth above ground is 
vigorous and the leaves are long and broad. Below ground the tuber forma- 
tion is also vigorous, the tubers are long and broad, formed at large 

A Hooker, J. D. Flora of Britiah India, VI. CIS. 

^Glarke, 0. B. Botanical Sub-aubareaa of Britiah India, 30. 
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in.li(U‘vals on Ji. ply penetrating rhizome system. Most of these tubers rlo 
not sinout hut renut, in as reservoirs of food and water. In Chidi the shoot® 
JUT, stunttMl it-nd biislty, and the leaves small. The tubers are small and 
more, supm'lie-iiilly i-tlacaul on a less extended rhizome system. As a matter 
of fael), most of tlie tubers are within a foot of the surface of the soil. These 
sprout readily and form a dense mass of shoots. It is believed that Chido 
turns hito Chidi and that the latter is the more difiicult to eradicate. 

W e found Chido on moist loose gomdii (sand and clay) soil and in irrigated 
fields of black soil. Chidi was found in hard drying goradu soil, and also in 
water-logged or packed black soil. This would seem to indicate that 
Chidi was a response to unfavourable soil conditions. To test this, tubers of 
characteristic Chido and Chidi plants were dug up from various places in 
Gujarat and brought to Poona where they were grown in pots in various 
soils and coiulitions. It was found that the formation of the Chido and 
Chidi forms was al.)solutely dependent on the soil and water conditions, 
tubers from eitlior Chido or Chidi giving the opposite form in their progeny 
according to the environment. 

While the variation just mentioned is an elect of the environment and 
not inherited, there are variations as yet little studied which appear to be 
inherited. It has been our experience and also the experience of others that 
any wild species in India, if critically studied, yields sub-species of coiisider- 
able range of variation. Hooker^ has in the case of many of the grasses 
mentioned such. In the case of lavala, the floras give the colour of the 
, glumes as red-brown. We have in addition observed the following colour 
variations in the glumes, (1) yellowish white, (2) light red, (3) coppery 
red with a metallic lustre, (1) dark red with . a blackish tinge. This colour 
variation has nothing to- do with age, as the colour was determined at the 
same stage in each case, namely, the time when the stigmas were protrudmg. 
In 1921, experiments were made to determine if these colour variations 
were inherited through tuber propagation. It was found that thB was so m 
all cases, with the curious modification of loss: of metallic lustre in the third 
variety mentioned. We have not been able to pursue these experiments 
further but there is obviously here a fertile study for the geneticist. 

It is noteworthy that Sedgwick^, a very accurate observer, mentions 
these colour variations, and even goes the length of correlating them with 
soil variations. We are unable to confirm such correlation. 


^ Hooker, J. D. Flora of British India, VII, 192-193, Andropogon mordicola. ^ 
agedgwixjk, L. J. The Cyperaoeoe of the Bombay Presidency, Bom. hat. B%st. boo.Jl., 
XXV, No. 4. p. 090, June 1918. • 
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4. The Seedling Stage and First Tuber. 

From tile standpoints of both botany and agriculture, the tuber-forrning 
cliaraeter of this ])lant is of the greatest importance. A completdi under- 
standing of the nature and origin of these tubers demands a study of the 
plant from its seedling stage onwards. We shall now record our observations. 

The visible “ seed ” is really a fruit, being a triangular compressed 



hard-coaterl and brown nut of minute size (l/30th by l/40th inch). Within 
this is the true seed, containing endosperm and a microscopic embryo. On 
germination this embryo produces a seedling of the type well-described by 


Mesocotyl 


Fig. 1 . Seedling of Oypems rotundus L. 

Goebclh Figure 1 shows diagrammatically the arrangement of its parts. 
Within the seed is the haustorial portion of the cotyledon, whose business 
it is to transfer to the shoot the stored material of the endosperm. 
Following it is a curious elongated body, the mesocotyl, which connects 
with the tubular sheath (coleoptile). All three parts {haustorial part of 
the cotyledon, mesocotyl and coleoptile) are regarded by Goebel as 

^ Goebel, K. 0?-yano[fraphy of Plants, 11, US, 1905. 
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collectivelj tlie cotyledun. Where the mesocotyl joins the oolco[.>tile is the 
point of origin (within the coleoptile) of the leaves. In otlier w(.)r(ls 
this is tlie site of the terminal butl. The mesocotyl is explained hioiogieaily 
as a means for facilitating boring through the eartli by the coleoptile with 
its contained stem-bud. This adaptation is in itself a foreshadowing of the 
geophilous habit of which we shall have more to say later, d'lie amount of 
elongation of the mesocotyl is to some extent determined by the depth of 
earth above the fruit. The radicle elongates and develops a few sccoirdary 
roots. At this stage occasionally the fruit-coat shrivels, leaving the endos- 
perm. protected by the yellow seed-coat only. The junction of the mesocotyl 
and the coleoptile swells and adventitious roots start therefrom, the coleop- 
tile itself bursts and the first true leaf emerges. After the development of 
two or three leaves and the growth of several adventitious roots the radicle 
darkens and shrivels. The contents of the seed remain attached to tlie 
seedling for a considerable time. 

From the swollen base of the shoot (i.e., the swollen junction of meso- 
cotyl and coleoptile), which we shall call the haml htilb, now appear one or more 
positively geotropio shoots which elongate and each forms a tuber at its end. 
(Plate I, 2.) These tubers laimcli out into vegetative growth of their own, 
but we shall leave their development for the present and concentrate our 
attention on the life history of the seedling thus far revealed. 

5. The Geophilous Habit. 

The salient point of this life history is the haste of the plant to form a 
tuber. This first tuber formation is completed within ten to fifteen days 
after germination. As an interpretation of this we cannot do better than 
refer to Miss E. Sargant’s’ brilliant paper ‘‘ A Theonj of the Origin of the 
Monocotyledons founded on the Structure of their Seedlings ” and especially 
to that part of the paper which deals with the development of the geophilous 
habit. Miss Sargant deals specially with the correlation of the tuber- 
forming habit with the concrescence of the two cotyledons of the dicotyledon 
into the one of the monocotyledon, but from our point of view (that of mere 
adaptation to environment) her remarks are equally illuminating and \ve 
malke-no apology for quoting some of them. 


" The formation of underground root-stocks, of tubers, conns, and 
bulbs, is characteristic of the plants called ‘ geophilous ’ by Professor 
Aresohoug. The general definition of the term which he gives iii part 1 
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is very wide. ; ‘We include under tliat head such plants as form the hiids 
by whieh they reproduce the shoot underground; thos(! J)la.nt^? in fact 
which develoj) their aerial organs more or loss completely Ijeneatli the, 
surface of the soil.’ Defined in this way the term wmuld include all Inen- 
iiials and herbaceous perennials of the temperate and arctic zoikss, for the 
aerial shoots of all such plants disappear during the winter, and are replaced 
in tile following spring by the development of buds formed underground 

“In order to use the short season of vegetation to the best advantage 
the geophilous plant or geophyte must be furnished with a store of nourish- 
ment, and this is placed at some distance below the surface of the soil 
for protection against the cold or heat of the dead season. A plant so 
provided can throw up leaves and flowers at a few days’ notice from the 
bud attached to its swollen axis or tuberous root. 

“The leaves when once above the ground make the most of their 
short life. Tliey restock the underground organs with food for the follow- 
ing season, and they support tlie flowers, and later the matuiiug fruit, 
until the seed is ripe. When this occurs before the advent of the cold or 
drought withers the aerial shoots, the cycle of development is complete, 
but ill such localities it must often happen that an early frost or a dry 
season kills all the seed formed by a plant before it is ripe. ...... 

“When we consider the conditions under which a typical geophyte 
lives, it is very clear tliat its seedlings must be even more perfectly adapted 
to the environment than the mature plant in order to have a chance of 
surviving. 

“ The seed formed at the end of the growing period is commonly capable 
of resisting a considerable degree of cold or drought in the long dead season. 
When the genial weather returns and it germinates, the seed is confronted 
with a difficult problem. During the short period of vegetation the growth 
of the seedling must proceed in such a way that the structure completed 
by the end of the season is capable of living through the severe weather 
which follows. 

“Accordingly we find that the seedling begins at once to form its 
underground organs 

“In all these cases, however, the production of assimilating surfaces 
seems to he an object of secondary importance to the seedling of a 
geophilous plant in its first season. The formation of adequate subterranean 
organs at a safe distance below the surface of the soil is tlie condition on 
which the life of such a seedling ultimately depends, audits powers are 
devoted in the first place to this task.” 




Tubers giving rise to deeper tubers. 
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6. Other Tuber-forming Bpeeies. 

Cy perns rotmidus is not tlie only tuber-forming species. There are 
also 0. iuberosusy and G. esGiilentus in the Bombay Presidency, and (so far 
as one can judge from plates and descrii>tions) C. stoloniferus elsewhere. 
C. bulbosiis is not quite in the same class, since its tuber is more of 
the nature of a rosefcte of fle.shy leaves. Of all the tuber-forming 
species, however, C. rotundus is easily first as to the depth and extent 
of its subterranean tuber-system, the beginning of which we have just been 
describing. It is, therefore, a plant which has developed the maximum 
amount of protection against drought, heat or cultivation. Little wonder tliat 
it has become one of the main weeds of the tropics and sub-tropics. 

7. General Morphology and Physiology of the Tubers. 

The tuber appears always to be the condensed end of an undergroimd 
shoot. It consists of several short internodes, much swollen and bearing 
between them the scale leaves and buds of the nodes. The tuber is ovoid 
in shape and at its narrower end bears a terminal bud. The scale leaves of all 
the buds are deciduous. The tuber is at first externally white, but changes 
colour with age through red and brown to black. Each bud of a tuber can 
produce a rhizomatous shoot which either forms a tuber at its tip (and so on to 
form a chain of tubers with intercalated rhizomes) or else produces a rhizome 
that ends in an aerial shoot. The dormant apical bud can form only the latter. 

The tubers are storehouses of food-material, mainly starch, and in addition 
are perennating organs bmied at varying depths, admirably adapted to ensure 
the survival of at least some of their number. 

We shall have, later in this memoir, to discuss at some length the forma- 
tion and germination of these tubers, but we may for the present describe 
generally their behaviour. 

After a plant has formed its first tuber it may form further rhizomes 
from a swelling (at the jimction of the mesocotyl and coleoptile, henceforth 
to be called the basal bulb) and also from the tuber. There are two chief 
types of rhizomes those which are negatively and those which are positively 
geotropic. The positively geotropic shoots seek deeper layers and there 
usually form another tuber from which still another shoot going downwards 
may be formed. (Plate II, 1.) We thus find chains of tubers descending to 
considerable depths. W e have provisionally called a rhizome which descends 
to some depth a “ dropper ” . (Plates II, 2 and III, 1.) Any tuber whether on a 
dropper or not may form a negatively geotropic shoot which strives to reach 
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the light. It' the tuber which forras this type of shoot is at a groat depth 
then the shoot may have a considerable struggle to get to tin; surface, iuid may 
})ossibly fail. In certain cases the plant resorts to the devicu', of forming 
advanced bases in the form of intercalary tubers on the way up, into wliich it 
presumably sends its food material and so gets a fresh start frotn a higlier level 
(Plate in, 2 ). In addition to rbizomes with a pronounced positive or negative 
geotropism there are also rhizomes which, are more or less diageotropic and 
which spread in a horizontal direction either ending in tubers within the same 
soil layer, or eventually bending up or down. 

The result of all these developments is the production underground of a 
large number of tubers at different depths, connected by rhizomes, and with 
certain rhizomes ascending to the surface and there producing the leaves 
which feed the tubers with starch. The number of shoots above ground is .110 
indication of the number of tubers below ground. 

Put in another way this means that only a few of tlie tubers are actually 
in a state of growth. They are serving as food stores or exchanges but, unlcBs 
some special stimulus is applied, they will not further burst into growth . 
Such a stimulus is the isolation of the tuber. In the various experiments 
recorded in detail later on, the effects of such planting of isolated and partially 
connected tubers are given. 

At present we may draw attention only to one or two points in tlie 
germination of the tuber which are of interest. The isolated tuber, like the 
seed, makes its first business the Cvstablishment of an aerial connection. To 
this end, from one or more of its buds, it sends up a shoot which grows verti- 
cally and has considerable power of penetration even in hard soil. The apical 
bufl is covered by white tough pointed scales forming a spearhead. On 
this bud reaching the surface the rhizome ceases to grow in length, the sc-ale 
leaves which are exposed turn green and, instead of scale leaves, normal 
leaves are now developed. There is no further noticeable elongation, of 
the axis until the formation of the inflorescence. At the junction of the 
normal leaves and the rhizome is formed a swelling apparently com])arab]e 
to that which forras between .the mesocotyl and the sheath of the setidling 
and from which, as in the seedling, shoots and roots may develop. We sliall 
use the term basal bulb for this swelling also (Plate VI, 2 ). .From tin; otluir 
buds of the tuber, after the establishment of the aerial connection, any 
kind of shoot may be formed, and, from the nodes of the tuber, .roots 
may also develop. 

In superficially placed tubers most of the buds may develop to form 
shoots. In deeply placed tubers usually only one makes the attempt, the 



Very long “ droppers.” 2. Growth of deeply planted tubers. 
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tuber apparently concentrating all its powers in making one supreme attempt 
to get to tlie surface and not wasting material on several ascending organs. 

Tubers may be cut or scraped without damage to their germinating 
powers. 

We hope that the above details suffice to give a worldng idea of the 
.structure of this plant, which is in reality a colony of tubers connected by 
rhizomes, distributed through a considerable depth of soil and fed by a com- 
paratively small number of aerial shoots (Plate IV). Any tuber and, in fact, 
any bud of any tuber is a potential colony, and suffers not in the lea.st by 
severance from its parent. The difficulties of eradicating such a plant already 
suggest themselves only too clearly. 

8. General Ecology of L. 

roiimdits is essentially a weed of cultivation, and is specially 
to be found in irrigated fields. Outside cultivated areas it is rare, and seems 
to be unable to stand uj> to the competition of other vegetation. Tins 
characteristic is utilised by the Grujarat farmers who occasionally allow a very 
badly infested field to go fallow for several years continuously. The other 
vegetation (mainly grass in the later years) ousts the lavala completely. 

IVe have not had the time nor the opportunity to study the various 
stages in such a succession, but this is obviously a most interesting subject 
of research. We mention later some experiments on the effect of grass 
on lavala. Lavala does not grow in very salt land or in land which is 
inundated. On really salt land it is replaced by Cypems lamgatiis and or 
really marshy land by other Cyperacere. Its drought-resisting powers are 
considerable, but we consider these as more clue to the disposition of its 
tubers than to any special xerophytic adaptations. 

The lavala plant in the Bombay Presidency flowers in July and August, 
(after the heavy rains of the first part of the monsoon), again in October and 
again in February and March. These are the times of general flowering, but 
flowering may occur at any time. 

9. TAe o/ Cyperus rotundus X. 

Plowman* has dealt fully with the detailed anatomy of the whole order 
(Cyperacese), and uiiere is little left to be described. Sabnis^ gives anatomical 

^ Plowman, A, B. The Comparative Anatomy and Phytogeny of the Cyperaoefo. A >m, 
Bot XX, 1906. 

Sabnis, T. S. The Physiological Anatomy of the Plants of the Indian Desert. Jour, of 
Ini. Bot., n, pp. 167—173, 1921. 
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flesoripcioTivS and illustrations. From onr point of view tlie most important 
organ for anatomical study is the tuber. 

T liber Anaiomnj : — 

Fig. 2 shows the junction of a rhizome and a tuber. The rhizome is 
bounded externally by a much thickened epidermis. Within this is a starch 
containing cortex and a lignified endodermis. In old and wiry rhizomes the 
endodermis is the outer layer, the cortex and epidermis having disappeared. 
The endodermis is yellow in colour and contains a semi-viscid yellow fluid 
which does not give the reactions of tannin or suberin. The vascular bundles 
are normal and close set. 

The epidermis of the tuber is slightly sclerenchyrnatous and may be of 
more than one layer. Arising from it and the immediately iindfndying tissues 



Vb= Vascular bundle. Scl.— Sclerenchyma. 
Ep.=Epideniiia, 

P= Palisade. 


are the scale leaves. The bulk of the body of the tuber is a large-celled 
cortex and ground tissue containing starch in excess. The ground tissue 

' ■ ■ ' 2 . ' 
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between the vascular bundles narrows down as tlie stele a]^]>roacbes the 
Tldzome and is continued in the rhizome as elongated tldn walled cells between 
the xyleni vessels. The endodermis is continuous throughout tub(!r and 
rhizome. Roots originate from a rhizogenous procanibiuni just within the 
endodermis. In the axil of each scale leaf is a biul and figure 2 shows one of 
thes(i in section in a growing condition with a brancli of the vascular system 
connecting it up with the main system of the tuber. 

Scattered among the starch-containing cells of the ground tissue are 
isolated cells containing grannlar protoplasmic sacs. Small refractive granules 
ill these sacs are dissolved in ether. The substance appears to be of the 
nature of an essential oil or a resin. 

In cuts on tlie surface of tubers we find a copious exudation of gum, 
accompanied with degeneration of starch in the cells abutting on the cut. 

Tubers exposed to the sun and dried have almost empty cells in the 
cortex and ground tissue. Such starch grains as are found are yellowish in 
colour and reduced in size. 

Tubers exposed for a long time to the sun or exhausted by continued 
removal of the aerial shoots are reduced to the solerenohymatous endodermis 
and the liguified elements of the stole. 

//cg/ Anatoyny 

The leaf has a .strikingly large-celled cutinised upper epidermis which 
probably functions as a water storage tissue. The lower epidermis is insignifi- 
cant. There are no stomata in the upper epidermis. On the lower epidermis 
the stomata are found between the sclcrcnchyinatous sheaths that accompany 
the vascular bundles. The stomata are present in the density of from 140 to 
370 per square millimeter indifferent parts of the leaf. The assimilating 
tissue is that round the vascular bundles. In other words the bundle sheatlis 
are also the assimilating cells. 

The leaf is on the whole of a xeropliytic type. 

Rachis of Inflorescence. 

Fig. 4 shows this in cross section. There is again a markedly cutinised 
epidermis. The superficial vascular bundles have an assimilating bundle 
sheath like those in the leaves. The deeper lying bundles are larger and 
of normal structure with sclerenchymatous sheaths. The ground tissue is 
parencliymatoiis. 
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Of 'Rachis - 

Fig. 4. 

Out, = Cuticle. 

Ep. = Epidermis. 

Scl . = Sclerenchyma . 

III. Experiments in the propagation of Gyperus rotimdus by 

SEED. 

It was necessary to find out as accurately as possible how efiectively 
Gypems rotundus propagates itself by means of seed. In December 1921 the 
number of seeds produced per inflorescence was determined for one hundred 
inflorescences. One cannot with ease determine the number of seeds per yjfoni 
because, as we have seen, a plant is a colony of varying size and of limits 
difficult to define. The numbers found were as follows : — 


Class 



Frequency 

No. of seeds per 




inflorescence 




1—100 



16 

101—200 



39 

201—300 



23 

301—400 



14 

401—500 



6 

501-000 



1 

GOl— 700 



1 
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The mean number of seeds per inflorescence is 220. The nature of tlie 
? .iistri))iition is that of a skew frequencj curve withtlie mode lUiarthe lower 

i limit. The wide ran^e of AJ-ariation (aetuaJly from 10 to (507 seeds })er infiores- 

; ; cence) is presumably an indication of the Avide ranfjje of conditions in whicJi 

\ the plants lived. . 

Taking fifty inflorescences per square yard (a quite moderate figure in an | 

infested field) this Avould mean the production of 11,000 seeds per square yard 
or 53,900,000 seeds per acre, and that probably three times in the year. If all 
r these seeds are viable, AAm have here a very cflective means of propagation, 

\ Tlie first tests of viability n^ere made in 1920. The seeds weve placed in 

j porcelain dishes on damp sand in a germinating box. From June 1920 till 

February 1921 these tests AA’^ere repeated, but no germination resulted. We 
haA^e not been abhi to determine the reason for this failure i;o germinate, unless 
it be that the seeds were not in contact with the sand, but only Avith tlu', moist 
porcelain. 

The next tests Avere made in April 1921 wfitli seeds collected in (Ictober- 

; December 1920. These seeds were variously treated before being ])ut to 

germinate. The treatments given being — 

1. Control ... no treatment. 

2. Exposure daily to the sun for a month. 

' 3. Heating for three hours continuously at 124°F. (51°C.) in an oven, 

and cooling slowly. 

4. Heating as in (3) and cooling rapidly. 

, 6. Soaking the seeds in hot hydrochloric acid of ten per cent, strength 

' j; for half an hour. 

I I ■ 6. Puncturing the seed coat by a needle. 



Fifty seeds Avere treated in each batch and Avere then put to germinate, 
tA\mnty-five (of each fifty) in pots in the open and tAventy-five in wet sand in 
petri dishes in a moist chamber in the laboratory. The seeds in the pots 
were soAvn one inch beloAv the surface and the soil AA’^as A\^atered daily. The 
air shade temperature maximum Avas 94‘’F. (34°C.) and the moist chamber 
temperature maximum 84®F. (29fC.). In the pots there Avas no germination 
visible in ten days (April 1st to 10th), but in the petri dishes germination 
occurred as folloAvs : — 

Treatmeut 


Gormi nation 
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Table I. 

Germimtioyi of seeds of Lamia. 

Experiment to determine the effect of heat and rest. Heating was 
done ill an oven at 139°F. (95°C.) for one hour. 

No. of seeds in each test, 25. 

Time : — 12th to 30th April, 1921. 





In moist cHAMBiaii in 




In pots— soil 3" 

TETEI DISHES ON MOIST 




deej), seeds 1" 

SAND 


No. 

Process 

beloAv the 



Remarks 



•iui'facc. Watered 






daily 

terminated 

Percentage 





seeds 



1. 

JVe.s/i seetts — 

None of these 



Boe.;la germi- 


1. Unlieated.. 

g e r m i n a t e d 

a 

24 

uuted in the 


2. Heated 

though watered 

10 

04 

conditions of the 

II. 

Best of one month — 

daily, till the 



moi.st chamber. 


1. Unlieated.. 

end of July 

8 

32 

Heating appa- 


2. Heated 

hut all germi- 

17 

tiS 

1 renlly helps ger- 

Ill, 

Best of two months — 

nated in the 



mination. 


1. Unheated.. 

rain y week 

5 

25 



2, Heated 

21st-31st July, 

1921 

No record kept 

13 

()0 


IV. 

Best of four months — 





for number. 





1. Unheated.. 


20 

80 



2, Heated ... 






It will be noticed that the seeds heated in the oven germinated better 
than the others, treatment 3 giving a 72 per cent, germination. 

Another experiment, the method and results of wliieli are recorded in 
Table I, was carried out from April 12th to 30th, 1921. The following 
interesting points emerge — 

(1) The heated seeds germinated better than the unlieated. 

(2) The long rest apparently helped the germination of tlie seed. 
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Simultaneously with this, experiment in petri dishes a duplicate set was 
sown in pots, but these did not germinate until the very rainy ])eri()d of »Jidy 
21st to 31st, 1921. The fact of their germination was then noted but no 
counts were made. These pots were watered daily but only the actual rains 
stimulated their germination. 

In another experiment seeds collected on March 2nd, 1921, were sown at 
once in pots. One pot was placed out in the sun and the other in the veranda 
sheltered both from rain and direct sunshine. The pot in the open was not 
watered, and that in the veranda was watered twice a week. In neither pot 
was there any germination until July 23rd, when germination began in both 
pots. Graph 1 shows the rainfall, humidity and maximum shade temperature 
at the time of these two last mentioned experiments. 

Ill December, 1921, the seeds from 100 inflorescences were sown in jiots, 
one pot being devoted to the seeds of each inflorescence. Tliese puts were not 
watered and were kept in the open. Germination began on July 4th, 1922. 
Graph 2 shows the rainfall, humidity and shade temperature at tlve time. 
During this period there was also copious germination of lavala seeds in the 
fields. The total number of seeds sown in this experiment was 22,086, but the 
average germination was only 1‘6 per cent. The greatest percentage of 
germination from any single inflorescence -was 8 per cent. Many of these 
seedlings withered. 

In November, 1922, there were unusual rains (Graph 3). During this 
period further germination took place in the above pots containing the seed 
of the 100 inflorescences. No exact counts were made, the amount of 
germination being small. Observation of germination in the field during the 
monsoon of 1923 generally corroborated the 1921-1922 observations. 

The above experiments lead us to the following conclusions :■ — 

(1) Soil moisture without atmospheric humidity will not cause 

germination. 

(2) III the field the rainy season is therefore the only one when much 

germination of seeds will occur. 

(3) Even in the rains the actual germination percentage is low, and 

many seedlings die. 

(4) Propagation by seeds is not therefore the main method of }>roj)aga- 

tion, but on account of the enormous total amount of seeds 
produced per acre, this method of j)ro]iagation cannot be 
overlooked and must be checked by m.etliods designed t<.» 
eradicate this weed before it sets seed. 




GRAPH 2. 
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IV. Experiments in the propac4ation of CfiiervH rotmulm ijy 

TUBERS. 

Recognising that tuber-propagation is the main inetliod by wliic.li tliis 
weed spreads itself, we made a large number of experimentH of various Iv'inds 
on the germination of the tubers and the after-growth of tlu', shoots rhjveloped ^ 

from germinated tubers. The general behaviour of the tuber in germination 
and of the shoots in after-growth have already been briefly described. Our 
experiments were designed to get the maximum amount of information regard- 
ing the life-cycle. 

The exjjeriments may be briefly classified as — 

(1) Experiments in the germination of isolated tubers, 

(а) of different ages, 

(б) dormant or sprouting, 

(c) at diiferent depths in the soil. 

(2) Comparison of the germination of isolated and connected tubers. 

BxfQmnmt 1. 

On June 10th, 1920, five black dormant tubers and five, white (fresh) 
dormant tubers were placed in a shallow dish with a little water. This dish 
was not covered and was kept in the laboratory. In five days all the tubers had 
sliglitly increased in size due to water absorption. The buds also were, slightly 
swollen. During the next five days buds elongated to form green shoots. 

In all the fresh tubers and in all the black tubers in which tlie apical bnd had 

not previously germinated, the apical bud was the first to sprout. Thereafter 

the other buds sprouted in acropetal succession. The buds are conical and i 

covered with pointed scale leaves. After the true leaves began to form 

adventitious roots arose from the base of the buds. 

f 

Experiment 11. 

On July 15th, 1920, ten dormant tubers were iJaced on top of moist sand 
exposed to light and ten were planted, one to three inches deep in moist sand. 

Those on top behaved like the ones described in Experimciut I, except that root 
production was more copious. All buds including those on the under side 
of the tubers produced shoots which were markedly negatively gcotropic. 

Shoots from the tubers buried one inch deep appeared on tlio surface on 
July 20th. The more deeply buried ones showed shoots above tlic surface on 
July 25th. In all but two tubers only one bud had sprouted, this bud being 
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either the apical bud or tbe one next to it. In two tubers two l)U(ls sprouted 
simultaneously, Root formation from the tuber nodes was copious. The 
forination of the vertically growing rhizome between the tuber .and the tuft of 
leaves, and the development of the swelling (basal bulb) at the base of the tuft 
were first observed in this experiment. 

On July 25th, all ten buried tubers were dug out for examination, and 
five of these were replanted in sand and five in black soil on the same date. 
At this stage, in addition to the vertically growing rhizome ending in the tuft 
of leaves, some tubers had developed other rhizomes one or two inches long 
and certain of these were positively geotropic. At the time of replanting, 
these tubers were deliberately put in upside down. On August 10th, the 
plants were again dug out and re-examined. Some of the reversed rhizomes 
had once more turned down and some had not. Those which had turned 
down had each, formed at their ends a white tuber covered with fibrous scales. 
The others had formed shoots on the surface. The plants in the black 
soil had leaves larger and of deeper green than those in the sand. All plants 
were replaced in the sand or soil and left undisturbed until December lOth, 
1920, when they were finally dug out. During their life-time they had been 
watered twice a week. Flowering took place in the second week of August. 
It is possible that the transplanting may have accelerated the flowering. All 
shoots in the sandy soil flowered, but only two in the black soil. In both 
soils, although watered, the aerial shoots died in September and October. In 
the second w'eek of November the dormant tubers (both new and old), as also 
the aerial parts, began to sprout. 

When the plants were finally dug out the five tubers in the sand had 
increased to twenty and the five in the black soil to fifty. Those in the sand 
were more closely set than those in the black soil.' 

Experiment 111. 

In a piece of unirrigated land on the College Farm, 300 dormant isolated 
tubers were planted in three lots of 100 each at three inches deep, with intervals 
of four inches each way, on August lOtli, 1920. The tubers were not artificially 
watered but received 10 ’38 inches of rain during the experiment. Shoots 
appeared above ground from September 3rd, 1920. Some of these flowered 
and all began to wither by the beginning of December. The plants were 
removed carefully and studied for the sequence of tuber formation. Miicli 
of the morphological information recorded on page 1 09 was obtained from 
this planting. 
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Experitnent IV. 

On September 13th, 1920, a set of 100 dormant isolated tubers was })lanted 
at 6 inches deep and 4 inches interval in a plot similar to that of Exi)(^riTnent 
III, These received rainfall of 9’94 inches. Aerial shoots appeared from 
October 15th. The greater time for the appearance of these is probably caused 
by the greater depth of plantingu The plants were dug out on March 21st/ 
1 921. All aerial parts had by that time withered. Some tubers had remained 
dormant. Those which germinated had all first produced the upward -growing 
rhizome ending in the leaves and thereafter tuber-forming rhizomes both 
from other buds of the original tuber and from the basal bulb. From both 
these places roots were also developed. One or two of the original tubers had 
become exposed and in their case all the buds sprouted to form shoots, without 
any downward-going rhizomes. 

These preliminary experiments give the following indications ; — 

(1) All buds on a tuber have the pow^er of germination. In exposed 

tubers all these may germinate and produce shoots. In buried 
tubers the apical one if present, if not, the next, and in some 
cases both, may germinate to produce the vertically growing 
rhizome ending in the tuft of leaves. In some cases the tuber 
may not germinate but remain dormant. 

(2) The time between the planting of the tuber and the appearance of 

the shoot above the soil is determined by the depth of planting 
of the tuber. 

(3) The time between the planting of a tuber and flowering may be in the 

case of the transplanted plants as short as one month. In the 
field up to two and a half months may elapse between planting 
a tuber and flowering. 

(4) The rate of increase of tubers is considerable even in the unfavour- 

able conditions of the plants which were dug out to see how they 
Avere getting on. Plants in good soil develop longer rhizomes 
and more tubers than those in poor soil. 

Experiment V. 

Twelve big robust dormant tubers were planted 3 inches deep in pots 
in ordinary soil on June 15th, 1921, and finally dug out on August 29t}i, 1921. 
Between these dates they were dug out once a week to observe developiiumt 
and Table II shows .the results. 


RANADE AND BURNS 


123 


Table II. 
Exjperiment F. 


To study tuber developmeut. 

Tubers planted on June 15tli, 1921. Plants dug out on August 29tli, 1921. 


Label 

No. 

Germination 
of original 
tuber 

Inception of the 
first new 
tuber 

Sprouting of the 
fiirst new 
tuber 

Formation of 
second new 
tuber 

Remarks 

65 

20-6-21 

1-8-21 

13-8-21 

5-8-21 


06 


29-6-21 

1-8-21 

1-8-21 


67 


24-6-21 

29-6-21 

29-6-21 

to 

1-8-21 


68 


29-6-21 

20-7-21 

5-8-21 


69 


20-7-21 
(tip broken, so 
no tuber) 
1-8-21 

5-8-21 

13-8-21 


70 

27-6-21 

20-7-21 

1-8-21 

» • 


71 

20-6-21 

5-7-21 

20-8-21 

20-8-21 


72 


20-6-21 

(dead) 

1-8-21 

13-8-21 

13-8-21 

Flowered 20-7.21 

73 1 


20-7-21 

No shoot 





From basal bulb 
1-8-21 
From tuber 




74 


29-6-21 

1-8-21 

(Sprouted with 
a tuberous 
swelling near 
the side of 
the pot) 

5-8-21 

(2 tubers, one 
sprouted) 

Flowered 5-8-21. 

75 

24-6-21 


25-7-21 
(2 white shoots 
one with a 
sprouting , 
tuberous swelling) 

10-8-21 

(the disconnected 
tuber produced 
one downward 
branch) 


70 


1-8-21 

(dried) 


12-8-21 
(New tuber 
from parent 
tuber) 
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The following facts appear:— 

(1) Out of the twelve tubers nine germinated within five days of 

planting and the average time was 6*25 days. 

(2) Two plants flowered 35 and 51 days respe.etiv(4y aHu'r flow(a-ing. 

(3) The average time for the inception of the first mnv tnlxu’ was 22*1 

days. 

(4) The average time after the inception of this tuber for it to sprout 

was 23*5 days. 

It will be particularly observed that there ^vas little pause between the 
formation of a tuber and its further germination. This fact was confirmed by 
further pot experiments in which isolated white newly formed tubers wens 
planted and germinated immediately, giving plants more vigorous in growth 
than those from old black tubers. 

Experiment VI. 

A. An experiment in planting chains of tubers in pots. 

Twelve pots w^ere filled with earth and a small chain of three connected 
tubers planted in each. Four chains w^ere jdanted horizontally, four vertically 
with the youngest tuber upward, and four diagonally across the pot of which 
two had the oldest tuber uppermost and two had the youngest tuber upper- 
most. 

In the horizontally placed chains the oldest tuber sprouted first. In the 
vertically placed chains the upper one sprouted first, the lowest remaining 
dormant or sprouting late. In those placed, diagonally the two end tubers 
sprouted before the middle one. The position in the chain and the depth of 
planting seem to have therefore some effect on the germination. 

B. A similar experiment was started in the field with longer chains of 
tubers, planted so that the tubers were from 3 to 9 indies below the 
surface, and any existing aerial shoots in their normal position. These aerial 
shoots withered, and new shoots replaced them. Planting was done from 
September 25th to October 2nd, 1920. The rainfall during the experiment was 
8*30 inches. The new shoots finally withered in February 1921. An attempt 
was made to keep a record of the appearance of these shoots, but the record 
soon became unmanapable. On digging out the plants, however, some useful 
information was obtained, of which the following notes are given. 

(1) Replacement of the aerial parts after withering. 

The withering of the leaves may or ma,y not mean the death of the terminal 
growing point. If tliis remains alive then when conditions are favourable it 
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may continue tlie formation of leaves as before. In addition, since the actual 
attacliment of the aerial leaves to their stem is somewhat below the soil, there 
may arise new shoots from tlie priraordia in the axils of these leaves and suc.li 
may develop before the terminal growing point renews its growth, or in the 
event of its death. Each such new shoot develops its own basal bulb. 

New shoots may be formed by the production of a rhizome from the basal 
bulb or from the vertically gr-owing rhizome below the basal bulb whose leaves 
have died. These rhizomes make for the surface and there develop new 
leaves. The point of origin of such a new rhizome from the vertical rhizome 
of the original plant is sometimes marked by a swelling like an incipient 
tuber. 

(2) Water supply of the aerial parts. 

Adventitioxis roots are developed, as we have seen, from the basal bulb 
and also from the rhizome and tuber nodes. One case, however, was found in 
this experiment when there were no roots from the basal bulb and the aerial 
parts were apparently getting all their moisture from the roots of the tuber 
one foot below the surface. This is probably a normal occurrence when the 
surface soil dries out. 

(3) Effect of cracks in the soil. 

The vertically growing rhizome normally drives its way to the surface 
and there produces leaves. In very cracked soil if a vertical rhizome pierces a 
crack the stimulus of the light causes the leaves there to develop, but somewhat 
faultily, so that they emerge from the soil in a curiously twisted maimer. 

(4) Two curiosities. 

{a) One of these was a plant which had sent to the surface the normal 
vertical rhizome, and this had there formed shallowly placed 
tubers close together in quick succession, all of them showing 
traces of aerial leaves. 

(6) The other was a tuber which bore ten old leaves when planted. This 
tuber produced one more tuber wliich in turn developed one 
aerial shoot and six droppers. 

1. Experiments in Deep Planting of Tubers, 

From indications got in this and previous experiments it was decided to 
make a thorough test of the effect of depth of planting on tubers. These 
experiments are now recorded. 
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VIL 

Aa exi— in *e ptoUng of tute at, van,m« cU^«. 

Three tow rvere Miange<l each contomng c gl t plot . 
square, and in each square plot were 

Those ia the first row were planted 2 •? - ► 

und ia the third ro. B ft. Wo. the enr^ 
period of the experiment was 8'30 inches. Table ^ ^ 

h the experiment as retealed when the plants arising Iron , 

dug out on the dates mentioned. ^ ^ + , „ , tp 

^ The most salient fact in this expenment is that nom, of tl^ 
deep were able to send their shoots to tlie surface I the r 
seril only 2 were living at the end of the oxpcnnicut, .« were . 
empty and shriveUed. and the others (of which shreds uu. 
disintegrated as to b'o unrecoguisable. , , ,, , , 

The next noticeable point is the markerl disadvantage 
aV ft, as compared with those at 2 ft. This is clearly show 
number of tubers in the upper three inches, still more in le 
lavers. and also in tlio smaller immhcr of aerial 


Table TIT, 


the dephs 24 ami 30 inches on 
aion arid density at various dqh 


Totiil udimlicr 
of tuberH in 
the liTHt 
S inelieH 


Depth of 
planting 
{20 tubers) 


Date of Oug out 
planting <>« 


,r . . Sprout- 
.Living 




lUKADE AND BURNS 


127 


Table lll~~contA» 


Row 

No. 

Sq. 

No. 

Depth of 
planting 
',20 tuber.3) 

Date of 
planting 

Dug out 
on 

Ojai0iNAj: 

'I’UBERS 

Shoots on the 
surface 

Total number 
of tubers in 
the first 

3 inches . 

Living 

Siu’ont- 

ing 

IJ. 

1 

il feet 

7-10-20 

12-0-21 

4 

2 

2 

■' . 3 " 


2 



15-5-21 

5 

■ 9 . 

3 

2 near 









the surface 


3 


,, 

1-6-21 

2 


2 

3 









{2 basal swellings 









and 1 tuber) 


4 





2 

2 

3 









(1 new tuber 









which soon died) 


5 

■ ■ 


5-6-21 

4 

4 

4 

4 ■ 









{Basal swellings) 





7-5-21 

6 

2 

4 

2 basal swellings 

j 








and 3 new tubers 


7 



13-4-21 

■8. 

8 

4 

4 







1 


(Ba.sal swellings) 


8 



3-5-21 

4 

10 

4 

4 









(Ba.sal swellings) 






Recog- 

Sprout- 




' 




nisable 

ing 








1 Tubers. 




111 . 

I 1 

3 feet 

9-10-2O 

14-5-21 

1 8 

1 


No tubers in first' 


i 2 




1 6 



tliree inches in 


! 3 



16-5-21 

1 

1 


any case and 


4 



20-5-21 

1 



no shoots on 






3 



surface. 


0 



13-5-21 

9 





■7 


M 

12-5-21 

■ 7 

1 

i •• 



8 



10-5-21 

i 


1 •• 

1 



The- following general observations arise from a study of the 2 ft. and 
21 ft. plantings, 

{a) The same three points of origin of tubers, as previously observed, 
were again in evidence, viz. 

(i) tubers might arise from rhizomes originating from the basal bulb. 

(n) tubers might arise from rhizomes originating directly from tlie 
vertically growing rhizome. (Hate lY.) In most cases such 
secondary rhizomes took off in the top three inches of soil. 

In both cases these rhizomes might grow definitely downward from the 
start, when they would be classed as droppers, but the rhizomes taking off 
directly from the vertically growing rhizome often grew horizontally. (Plate Y.) 

3 
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(6) Once the originally planted tuber had ewtabliKluMl its a('7'ial connection 
it did not produce further shoots and left the. production, of ne.Av a(*rial par-ts 
to the younger portions of the colony. 

(c) ,In 0136 case a tuber planted at 2} ft. showc.d swellings, appaiHUitly 
incipient tubers, on the vertical rhizome. 

(d) Tubers, which either did not germinate or which, had genninated and 
whose shoots had not reached the air, were either shrivelled and devoid oi 
starch or dead although phirap. The viability of these later was tested liy 
re-sowing them in. pots at a shallow depth and watering them. They did not 
germinate. When sown they possessed starch but two months later none 
could be recogniseil. Later experiments indicate that if the original buds ol 
the tuber are destroyed, adventitious buds are not formed and the tuber, 
though plump, does not germinate. 

Tt is obvious that such im})ortiU3t indications as tliose given by the series 
of .experiments just described hail tube confirmed, and hence furtlie.i' exjieri- 
ments were laid out. These are now described in detail. 


Experiment VUL 

On December 4th, 1920, ajiit 3x3 ft. was dug out to detiumine the number 
of tubers per cubic unit of soil. At the time of refilling of tlie pit 28 old 
dormant tubers were ..placed at the bottom of the pit and earth, free of tubers, 
filled in on top. The pit was again ring out on April 13tli, 1921. No shoots 
had up to then ai)pe.ared on the surface. There had been slight rains on 
January loth and 16th and thunderstorms on. April 3rd and 12th. The soil 
up to three inches deej) was wet, then the layer up to 2| ft. was dry and the 
last layer wherein lay the tubers was wet with a capillary moisture content of 
ten per cent, (calculated on the wet weight). Most of the tiil)ers had produced 
upward growing rhizomes in an attempt to reach the suiface. In seven cases 
these rliizomes showed tuberous swellings with . developing buds, and in two 
cases typical tubers (not mere swellings) were produced. After an hour the 
tubers and their growths were returned to the pit and the earth filled in again. 
The pit was dug out for the second time on August 13th, 1921, after a total 
rainfall of 11*52 inches since the first excavation. No shoot had appeared on 
the surface, and aU tubers, both the original ones and those formed later, had 
died. 

The following observations were made :-— 

(a) Again, the tubers planted three feet deep did not succeed in reaching 
the, surface. In the present case their attempt was interrupted by the first 
d■iggiIlg^ ... . . . ■ . . 
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■ (6) Agiiin til ft terminal bud of the tuber s;prouted to form the ujnvard- 
growing rliixome. Other buds had sprouted later, possibly stinnilated by the 
f'lieck to the first formed ihizome. ISTo descending ihizomes 'were formed. 

(c) From tliis and otlier experiments we think we are safe in stating that 
a tuber does not produce a, descending rliizome, until it has .cstahlishcd its 
aerial connections. 

(d) Where the growth of the apical bud of the vertical rhizome had b;een 
hindered- by some hard object there was a tendency towards tuber formation 
et the ])art in contact. 

(e) Tn growing through hard dry soil the vertical rhizome liad a twisted 
appearance. 

(/) Tlu^ younger parts of tin; vertical rhizome were anatomically complete, 
])ut th(i ohh'r parts were hounded by the endodermis, all parts (‘Xternal to it 
having <lecay(id. 

Ex’perment IX. 

This was conducted as follows :— 

The soil of the plot was deep black and w-ell aerated, having been twice 
dug ont in ]irevions experiments. Eight rows of eight sepia, res were arranged, 
each, square being 3 X 3 ft. The depths of planting in the successive rows 
were 3, ,6,- 9,- 32, IS, 24, 30 and 36 inches. Only four tubers were planted 
per square in order tliat tbey might make tlieir .maximum giowtlh Each tuber, 
was planted in a separate hole lialf an inch in (liameterand the proper depth.,- 
This .depth was checked, by- lowering the tuber at the end of a string of. the proper 
length,., Even with this precaution, at the. end of the experiment, tubers were 
nearer the surface dn some cases than at the start of the experiment.. This was. 
due partly to washing of the soiland partly to the packing of the soil by the. 
repeated trampling which it received. , • 

■The tubers were planted o.n , July 20th, .1921. The first shoot appeared- 
on August 4 5th, 1921, and the plants were dug out in April 1922., . Each, plant- 
was carefully excavated, measurements and plottings being made as the work 
advanced, and the , plants mounted as nearly as possible in their . natural position 
a,nd ])liotographed afterwards. This .experiment was one of the most illumi- 
nating as to , the method of growth of the plant from tubers. , . 

The following are some observations. ; 

(a) Germination. . . ■ . . : . ^ 

Table; IV. shows- how, and .when the , shoots appeared. Eroni - this table 
it is clear that the depth 9 to 18 -inches was a -layer favourable for vigorous 
growth of the parent tubers and the plants derived; from them. By the end . 
of August all tubers in the, depths; 3 to 12 inches had sprouted. The -reduction . 
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ill tile gernmiatioJi })ercentage at the lower dejitlis in this cxijeriiiieiit and 
in tlxjierinieiit X is noticeable. The tubers in both ex])eri]in>nts wi're brought 
from the same area in the Empress Gardens, Poona. 

Table IV. 


Planting in holefi at different dearths on the Poona Agrioultimd (JolUgc Far in. 


1 

■'r 

■Depth uf 
planting 
m inches 

T libera 
planted 

No. of 
shoots 

Tvibers germinated 

First iippearaiiee of 
slioots 

Date of 
final ob- 
servation 

1 1 


:i2 

38 

28 1 (irowth poor 
t and less 

29 1 extensive 

15th August 

22- 8-21 


(i 

;i2 

:h 

19th „ 


1 

, ' y 

<12 

29 

30 1 Growth very 
13 !• vigorous and 

1 29tli August 

20-10-21 


12 

:i2 

1() 

30th 1 


; ’ i 

1 

IS j 

t2 

9 

9 I extensive 

i 1st week of Hepi ember , 


i ' 

24 

:i2 

Hi 

ill 1 Growth poor 

Middle of Keptemher i 

20-10-21 

f I 

. .SO 

:i2 

4 

4 1 a n d 1 e s s 

1st Aveek of Oelober j 

,, 


' i :ui 

112 



2) extensive 

O' 1 





Experiment X. 



This was to determine the germination and also the density of production 
of new tubers at different levels. Twenty-four scpiares of one square metre were 
l-dotted in four rows of six squares each. The following were the depths at 
planting was done, three squares being devoted to each depth: 3, b, 
12, 18, 24, 30 and 3() inches. Murum occurred at 18 inches and, in depths 
below this, the pit ivas, on refilling, filled with black soil. 400 tubers were planted 
regularly in each square at the depths mentioned. This experiment W'as carried 
out in Modi Bag, the fruit area of the College Fann. The tubers ivere dug out of 
the highly infested area of the Empress Gardens, Poona, covered with moist 
earth. Tlie tubers were washed, dried with cloth and ■weighed. On placing 
in the pits a little Avater was sprinkled oil them and the earth then filled in, 
earth aatis moderately packed but not rammed. The experiment started 
on 6th June, 1921, and the pits Avere dug out finally from 13th to 21st October, 
1921, when most of the aerial shoots were Avitheiing. The rainfall befoK' 
planting was 2*96 inches and during the experiment Avas 14*45 inches. 

bhoots began to appear first in the first week of August in the squari's with 
12 inches dee}) planting. This Avas folloA\’'ed by sjirouting in the 18 and 24 inches 
squares, the latter iri the last week of September'. The squares A\'ith planting 
at <30 inches i)rotlucccl no aerial shoots till November. The 36 inches deej) 
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Slioots from the 3, 6 and 9 inches squares began i'.o a].ipcar from the seeoiid 
A\'eek of September. The shoots were few and with a small number of leaves. 
The leaves were narrow and not vigorous. These squares and also the 3<.) 
iiKilit's squares (which had not then shown shoots) were hdt inidisturbc'd until 
duly 1922, wlien they were dug out, having received r)'2<5 inches more rain. 

These results call for the following remarks: — 

(1) Poor germination at 3, 6 and 9 inches. 

This is directly contrary to the majority of our experiments with planting 
at these depths. The only likely explanation is to be got from a perusal of 
the rainfall and. temperature graphs for the month of June (Graph 1). it 
will ])e observ<>d that soil and air temperatures were high at the time of planting 
and again at the end of the month, and that with the exception of the half-inch 
rainfall on the JOth and 20th there was little precipitation. The soil, moreover, 
was only moderately packed and not rammed and hence probably more 
ftonductive of heat. It is, therefore, possible that the dryness and heat of the 
period caused the lack of germination. This, however, is only suggested «as 
the one explanation that at present appeals to us. All these squares showe<l 
droppers which seldom penetrated below 18 inches. 

The 12 inches deep squares showed the best germination but even here 
the percentage of germination was low. 

In the 12, 18 and 24 inches squares the shoots after reaching the surface 
had produced tubers and chains of tubers in the 9 inches to 18 inches levels. 

Table V shows that the depth 9 to 18 inches was a layer favourable for the 
vigorous multiplication of tubers, and for the plants derived from them. By the 
first week of October all the tubers in the depths 3 to 12 inches had sprouted. 
The very great difference in germination percentage between the tiibeis at 
these depths in this experiment and in the one immediately previous is notice- 
able. The tubers in both experiments were brought from the same area in the 
Empress Gardens, Poona, Both lots, however, were for all practical purposes, 
alike in quality and kind. The difference in germination may be due to one or 
all of the following factors 

(1) (and jjrobably most important) the mucb more favourable rainfall 

and temperature at the time of the inception of the other expeii- 
ment ; 

(2) the much better soil in the other experiment ; 

(3) the wider planting. 

In the squares devoted to tubers planted at 30 and 36 inches depths growtli 
was on the whole poor. The shoots produced persisted forming successive 
leaves while the old leaves died, but there was no multiplication of shoots, 
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The low germination p( 3 rcentage at these depths agiiin seems to inflieate 
that some tubers are specially adapted to germinate at lower dej>1.lis and th:i,t 
thesci are specially formed by the plant on dee]> “ dro|)]iej's.” 

Table V, 

Plimtintj lubars at different dejjths on July &h, 1921. Gemination, of onyinal 
tubers and density of n&w tubers at different levels. 



Pxperment XL 


.. In all-the experiments aboiit;the germination of tubeis buried to dilhueut 
dept?3S, recorded in the xxrevions pages, 'the tubers w'cre pla-nted in juts. ■ 'J’o 
locate, Ktqpe planted tubers both at time of plantiiig and at- time 
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of digging out, two woodc'Ji boxes and one iron box were placed in a largo pit 
dug in the Liivala Experiments Plot witli. wire floors at different depths. 

The boxes were 3 ft. X 3 ft. X 3 ft. and wire gauze pieces 3 ft. X 3 ft. wore 
placed at every 0 inelies depth on stretched wires. The ineslies of the wire gaaize 
allowed the rliizomes to pass through but hindered the sliifting of the tubers. 

Each box was devoted to two depths. 

The following table gives the dates of planting and the number of tubers 
])] anted at these depths. 


Date 

27-7-23 

I 

Wooden box 3' x 3' X 3' 

Five tuber,s pbinted at the 
depth of inches 



I 

3J 

do. 

1 foot 


17-7-23 

II 

„ 

do. 

I t feet 



II 


do. 

2 „ 


10-7-23 

III 

Iron box 

do. 

2i „ 



III 


do. 

3 


The ten tubers in each box were laid down in such a way as not to interfere 
with the growth, of each tuber. 


X Tubors fit tlio lower level. 
O Tubers at the higher level. 


The tubers were planted at their prtiper deptlis and the soil was put in and 
uniformly [jacked. The gauze was placed before fitting dlie upper layers. 
The boxes were watered in the beginning. The boxes WT.re’ -finally dug out 
from 20th November to 30th November. The soil was carefully removed and 
the original tubers with their subsecjiieiit growth were kept intact showdng 
visibly the growth of the plants and the formation of tubers to various 
depths. 


Box , 1 1 

Original 
No. of 
tubers 

Deptli of 
planting 

Gerniinfited ' 

Empty 

Details 



0" 

3 


Tuber 

(i) A'^ertieal rhizome with no new 

1 ! i growth. 

(ii) Empty. 

(iii) Vertical rhizome with a 

sproiiting tuber in the frxil 
of the swollen shoot. 

(iv) Vertical rhizome and a chain 

of two tubers horizontfil to 
the; depth of 6 inches. 

(v) Not found. 




134 


TIfK EKABICAMON OS' ClfPERtJS llOTUNDUS L. 


■ 

Box 1 

Original 
No. of 
tu Iwirs 

Depth of 
planting 

Germinated 

Kmi>ty 

Details 

j 





Tuber 


■ 

1 . 

1" 

3 


(i) Empty. 

(ii) Two A'crtical shoots one with 

a swelling at 0" de])tli Avitli 
a horizontal rhizome Avilh a 
tuber and one ascending 
rhizome Avith a txiber. 

(iii) One vertical shoot with a 

dropper of one tuber to the 
depth of 11 ft. 

(iv) Vertical rhizome Avitli a neAv 

shoot at tlie sui’faee, 

(V) iOmidy. 


[ 


Box D 


Tubei's 

planted 


Cfcrniinatod 


Tuber 


Detailrt 



(i) One vertical rhizome Kwelling utO inches pro- 

ducing one more slioot. Horizontal chain at 
18 inches with 2 tubers, the middle one in-o- 
ducing a vertical rhizome Avith a tub(>r at 10 
inches. 

(ii) One vertical rhizome with a swelling at 12 inches. 

One horizontal c:hain a t 18 inches with one tuber 
Avhich produced four tubers in the layer 1 8"-24", 
one of w’hich again .sent a rhizome reaching 
the surface. 

(iii) A vertical rhizome and a dropper with a tuber 

at 24 inches. 

(iv) A vertical rhizome. 

(v) A vertical rhizome with a swelling at .12 inches 

producing a horizontal chain t)f 12 inches. 


i 



One vertical rhizome. Another vertical rliizome 
AAuth two tubers at 20-18 inches. 

A horizontal chain of two tubers, the middle one 
producing a vertical slioot. 

Em])ty. 

One vertical slujot A^■ith two tubens near tlie 
surface, tlie middle one sprouting. 

Remarkable groAvth — straight verticial rliizomc 
Avith a swelling at 9 inclies. A dropper of 
tubers from the original, the middle of the three 
producing two tubers on a horiwnital (iiain at 
30". The first of this groAvtli sending a, ver- 
tical rhizome, straight to the surface forming 
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liox in 


Empty 

Details 




Tuber 

30" 

5 2 

.3 

(i) Empty. 




(ii) Vertical rhizome. New shoot .at 




the surface. 




(iii) Empty. 




(iv) Empty. 




(v) Vertical rhizome with fi swelliny 




near surfiice. 

30" 

.5 1 2 

empty 

(i) Vertical rhizome witli a inbinvnts 


2 

in shrivelled 

swelling at (i inches with roots 



bits. 

and one .shoot. 

The i 

ollowiiig table gives the number of 

shoots and tubers forined from 

(sach box : 

— 




D13PTH 

Tubers 

Shoots 


Original New 



(!" 

5 3 

3 


1' 

o 3 

4 


i¥ 

5 S 

.3 


2' 

5 11 

7 


2V 

5 1 

2 

J 






30 27 25 


It was not easy to take photographs of the growth in the three dimensions 
and the ])oxes were placed in the miisenm. 

This experiment gave visible evidence and corroborated the results of the 
first experiments about the germination of the tubers and their subsequent 
growth and the optimum dejith of tuber formation. 

2. Experiments in damaging the iuhers. 

The next series of experiments deal with the effect of various operations 
on the tuber. These were cutting, scraping and exposure to sun heat and oven 
heat. Tlie ulterior aim of these experiments was to get information as to the 
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probable be.bavioiu’ of tubers injiiKMl or e,xpose(l by iiTi|)J.ein('H.ts in. tbe course 
of field cnltiTatioii. 

E^tari/ment XU. By IVoundiny. 

Two wldte tubers were ent into four jjieces and planted uiUi inch dr‘e,p in 
pots on February 7, 1921. Ail piec(;s germinated on Febinar^y 21. 

Tr^'O white tubers were scrapetl so that all tissue outside the (,'ort(jx m'us 
removed. These w^ere planted on February 7 and germinated, on Marcdr 8. 

Two black tubers were scraped and quartered, and jjlanted on February 7. 
These germinated on March 2. 

Two black tubers were scraped and piant(Mi on February 7. ITiese 
germinated on February 16. 

All the above were water(^d twice a wenk. These results W(‘re conlirnicd 
by a similar experinnut in August 1922. 

Expctri'imml, XU I. 

Tubers were also damaged artificially by pricking iMul eutiing (without 
actually severing the ])arts) and then planted. SucJi. wounds ai'(.‘, often Itlocked 
by gum produced by the tubcu-. Woimded tubers kept in. Ihe sun or in an 
oven at 9S°F. (37°C) for seven days did not germinate. Tliis was i)robal)ly the 
oll’ect of the temjjej'ature, as we shall show later. Of tubers merely wounded 
and not exfjosed to high temperatures the majority germinated. 

In tissue iiear a wound the cells are full of a yellowish, fluid urul the etdls 
next to these liave starch grains degenerating in size and .number, The fluid 
in these cells gives no reaction with h 8 :.anatox 3 din, eosin, a.eid fuehsin, or 
safraiiin. Methyl green stains it slightly. The fluid may possibly be degenera- 
ted starch. 

We may conclude therefore that damage' by imi)lenu'nts even if consider- 
able (to the extent of peeling the tubers and of qiiaitering them) is not likely to 
interfere with their germination. It may also be jiointed out that such 
damage is likely to be on the whole rare, because of tlic small size of the tuber 
as compared, with the blade or share of any irnjilemeiit, and because of the 
protection atibrded by the earth. 

Experiment XIV. By Expomiro. 

Tubers collected in the first week of December i92(i, were put out in the 
sun daily from 10 a.m. to 6 p.m. until February J, J92J, wlum ten of them 
were put to germinate in black soil in jrots. Another ten were kept in the 
sun till March 2 and similarly planted. Both pots were watered daily. 

None of the tubers germinated. 
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Experiment XT . 

Oil May 6, 1921, lour lots of 20 tiibers were used. Eacdi lot was buiied 
tliree inches deep in dry soil in jjots and the pots exposed to the sun on tlie 
(College veranda. 

The result is shown in Table VI. Again none of the tubers gerniinated. 
Table VII gives the details of another series. 


Table VI. 

Effect of exposing lavcda tubers to tumlighi. 


Lot No. 

j. Exposed 

ExpoHocL 
for (lays 

Hemai:k.s 

From 

' ' 

1 . . 


14tl) May, 1921 

8 

All of tlie.se failed to genninate 

n .. 

” 

20tli 

14 

though wat(n'ed every day 

Ill . . 


27tli „ 

21 

after planting in good black 

IV .. 


IGtli June, 1921 

40 

.soil. 


Table VII. 

Ejfects of exposing Ixmila tubers to surdiglrt. 




JjOt 

J.jOt 

J.x,.t ' 


No. I 

No. II 

No. Ill 

No. IV’ 

Exposui’e. started . . . . 

30-ij-2l 

30-5-21 

30-5-21 

30-5-21 

Weight of 20 tubers j Before exj>o.snre 

17 

15 

20 

17 

in gram. I After exposure 

o'd 

7 

7 

0 

Lo.ss of weight 

llo 

s 

13 

n 

Percentage of loss 

07-0 

53-3 

05 

04-7 

Exposed for days .. ... .. 

11 

15 . 

24 

30 

ilaiiis in inches duri ng exposure . .; 

0-725 

0-915 

1-295 

1-295 

Planted (to test elTects of exposure) on 

11-0-21 

10-6-21 

24-6-21 

30-0-21 

Germination 

0 

0 

0 

0 


Experiment XYI, 

A field experiment was now arranged. A piece of ground was laid out in 
twelve plots of a square metre each (four rows of three plots each). In each 
square plot 400 tubers were planted. Iii the first row these tubers were laid 
on the surface of the soil. In .the second row they were buried three inches 
deej.) in the dry soil. In the third row the tubers were placed on the surface, 
but 20 litres of water was sprinkled on them and on the soil at the time of 
planting. In the fourth the tubers were planted three inches deep and 20 
litres of w'ater sprinkled over thehi at the time of planting, and before the 
addition of the top tliree inches of- dry earth. ■ - 
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Tluv totfil water eontents of the soil layers on wliieh tlu' tubers tvslefi was 
deterniine.fl before the sprinkling? of the water. Tln^ water (ientfod, in <>aeh 
case was— 

■Row I .. .. .. •• 2-,38 poi'oani 

„ n .. .. .. •• •• 7-.‘{8 

„ III .. .. .. •• .. .-J'fa 

„ IV .. .. .. .. .. <'-30 „ « 

Tt will be seen that the soil was very dry, as one would exjieet at, the end 
of the hot weather, f^neh soil should theoretically be a good absorber oi 
moisture and a good conductor of heat. The first rains came on June 3, 1921. - 

By June 15 (20 days a.fter jihmting) the rain-fall amounted to 0*913 inches. 

The tubers, therefore, had been ex])osed before the hist rains to eight days 
contiiuious sunshine. Shoots appeared in the fouith row ])nt not in the 
others by June 15 and this condition of tilings continued throughout tin' 
months of June and July in which there were 25 rainy mid 36 sunny days. 

The term rainy day means a day in which there was any rain ivhatf^vf'r. Of 
continuous rain there were only 17 days in the two months. The jilots wen* 
allowed to remain undisturbed till September 20, 1921, up to which date they 
had received a rainfall of 13*21 inches. There ivas still no geimination in rows 
I, 11 and. III. The ground sloped slightly towards plot 12, the last plot of row 
IV, while plot 11 w^is well drained. E-ow IV was dug out on September 20 
and the tubers from the other plots collected and weighed. Tabh* VI TT sliows 
the results, 

Taule VIII. 

Experiment XVI in exposing Ud'en to sunliphi, 

Kesults of Row Ko. IV. 



Note. Of the original 1,200 tubers in this row only 18 per cent, germinated, ,'>■.'5 ])cr cent, 
failed to germinate, 38'16 per cent, were empty of contents and of the remaining SB’IM jicr cent, 
no trace was found. Nevcithelcss 18 per cent. (216 tubers) which germinated during three 
months of the favourable season produced adclitional (541) new tubers . Thus in phiee of 
the original 1,200 tubers, 824 tubers (68*6 per cent.) were found at the end of the exf)eriment. 



Quadrat No. 







Tot .VI. 


10 

11 

12 


Number of tubers .. 

. 400 

400 

400 

1,200 

Planted on . . . . 

20-5-21 

20-5-21 

.2(i-5-2] 


.Dug out on . . 

21-0-21 

22-0-21 

■ 22 0-21 


Number of tubers : — 





Dormant — Empty . . . . i 

148 

104 

no 

■ 458 

„ Normal .. ,. 

0 

!) 

58 

07 

Germinated . . . . . . 

45 

10 

155 

210 

New tubers . . . . . . i 

240 

41 

251 

511 

No. of shoots on the surface ... 

120 

45 

201 

432 
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This cx])erimeut imiicatts — 

(1) the amazing efficiency of an eight-day exposure to tlie :\iay sun <.‘ven 

at a depth of three inches in dry soil ; 

(2) the way in which a moist soil layer at tliree inches deep keeps the 

tubers alive ; 

(3) the speed with which tubers multiply again. 

Experiment XVII . 

Tills experiment was laid out in the same way as the last with the following 
modifications. 

(1) Soil moisture determination was done both before and after the 
exjjeriment- 

(2) In Rows III and IV soil moisture determination was in addition done 
botii before and after the. sprinkling of water at the begimiing and after the 
draining off of surplus water at the end of the experiment. 

(3) Ten litres of w'ater was used for sjirinkliiig each square instead of 20. 

(4) 200 tubers per plot were used instead of 400. Only new tubers at tlie 
ends of rhizomes were used. The expeiiment was started on November 9, 1921. 


Soil moisture percentages (total water) were — 

Row I .. .. .. .. .. 19-9 

„ ri .. .. .. .. .. 22-5 

„ III before watering .. .. .. 20'2 

after „ . . . . . . .‘J7 'S 

„ IV before „ . . . , . . 2(i'r» 

after „ . . . . . . 44’;j 

Soil moisture percentages at the end of the experiment on December 28, 
1921, were — 

Row 1 .. .. .. .. .. n-(5 

„ 11 .. .. .. .. .. IvS-U 

„ 111 . . . . . . . . . . 28-7 

„ IV .. .. .. .. .. 35-2 


These plots received neither rain nor iriigation water duiing the experi- 
ment. Again there was no germination in the first three rows and this is all 
the more striking when one considers the marked increase in the soil water. 
Row IV did not show germination till November 21. Germination in Row IV 
was as follows : — 

iSquare lU . . . . . . 20 tubera out of 200 

„ 11 .. .. .. 2.0 „ 

„ 12 .. .. ..3 „ 

Total ..48 „ 


„ » 990 
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Eows T to TTI were left tmtouclied till January 0, 1922, l>u(i tlioro 'vvaf^ lu) 
germination in them. - ■ ■ 

This experiment confirmed the eifectiveness of cxjiosnre. 

Experiment XV III. 

In the May experiment the maximum temjieratures of the atmosphere, 
surface of the soil and soil layer three inches d,ee]> were 108°, 111° and 117°F. 
(i.e., 42°, 44° and 47°C. respectively). In the November experiment the same 
sites had the maxima of 101°,'105° and 99°F. (i.e., 38°, 41° and 37°(\ respec- 
tively). In order to determine in controlli'd conditions the. degret^and duration 
of tem])e.Tature necessary to destroy the life of thi^ tiibi'i’s n, ])r('limiuary (‘X]a‘ii- 
ment was arrangtid. The range of temjieratiirc was 34° to i.e., 91° to 

]20°P. and the duration' ten minutes to siunm hours. Heating was dom; in a 
steam oven. The tuliers tlms heated were ])lanted in soil at three inches deep' 
and watered. Most of these germinated. The loss of weight due to this 
artificial heating was IG'S per cent. In tin*, field experiments the heating w'as 
for several day.s and the loss in weight up to 50 per cent. 

Details of the method are thc^se. Lots of ten tuhers were placed in. paper 
bags and ke]>t at a constant tem jierature in the oven for the time required. 
After lieatiug they were weiginul and after one day in wet soil they were again 
weighed to find out how mue.h wate.r they had reabsorbed. It was found out 
that they made ii]) tlieir original weight and in many ca.ses exceerled it, 
Details are given in th<^ Appendix. 

If we consider the first case, in which the tuber has not absorbed up to 
its original weight (ten minutes exposure 98°F. (37°C.) ) we find that there was 
no germination. In the next case of tlie kind, however (one hour (.‘xjiosure 
at 109°F„ i.e., 43°C.), seven out of tlie ten tubers germinated. Tlie same is 
the case for 30 minutes at ]15°F. (46°C.). In the case of one hour exposure at 
119°F. (48°C.), where the tubers had not absorbed, up to their original weight 
ithe germination was eight out of ten. In the case of 115°F. (46°C.) thereis a 
loss at all durations except the four hour one where the gain is very small, and 
a much reduced germination. At 12rF. (49°C.) there is a loss on the original 
weight in three out of five eases, but the germination is mucli better. From, 
these figures it is plain that one cannot yet come to definite conclusions as to 
the relation of desiccation to germination. There is, nevertheless, noticeable 
a tendency, as the temperatures and durations increase, for the desiccation to 
advance to such an extent that tubers do not make up their original weight 
after one day in moist soil. 
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Experiment XIX, 

Armed with the above experience we now planned anotlier experiment 
in artificial heating. Healthy plnnip tubers from the Einjness Garden were 
used. These were divided into four lots of ten each, and each, lot duplicated. 
One lot of ten of each pair was exposed in a shallow paper dish and the duplicate, 
lot in a similar dish but just covered with dry earth. The temperature of the 
oven was’- K)4°F. f4()°C.) all the time and the four lotSAvere heated for three, 
seven, eight "and fourteen days respectively. The tubers were weighed before 
and after the heating, then placed in wet blotting paper for a day to measure 
the amount of water reabsorbed, planted two inches deep in soil and watered 
to test germination. Heating began on March 20, 192o, and continued till 
April 1,' 1923, Germination was watched till July 2; 1923. For aetuai 
weight, etc., see the Appendix', ' ' 

'Idle main, results were :“-The percentage of loss of weight increased with 
the ])eriod of exposure and thci losses are greater in the series simply exposed 
in paper dishes than in those exposed in an earth layer. 

The reabsorption of water from blotting paper was inversely proportional 
to the time of heating. Taking both series (open dishes and eartli layer) the 
average of the amount by which, the tuberrs failed to make up their original 
weights was 20 per cent. 

The gei’mination results show clearly that in spite of these losses, heating 
up to eight days by no means destroyed the vitality of the tubers, while 
heating up to fourteen days was completely destructive. 

Experiment XX. ' 

Still another experiment of the same type was designed to confirm the 
effects of long exposure to artificial heat. .Four lots of ten tubers, again 
duplicated and again similarly exposed, w^ere put in the oven at the same 
temperature,' this time for fifteen clays. . Heating began on April 5 and ended 
on April 20, germination being studied up till July 2. The average deficit 
of reabsorption for both series was 35 T per cent, and only one out of eighty 
tubers germinated, this being one from a paper dish without earth. For 
details, see the ilppendix. 

Experiment XXL 

We now returned, to the open field for a last confirmatory experiment. 
The maximum temperature of the earth in March 1923 being 104°F. (40°C.) 
the same as the oven, we exposed four lots of 26.tuhers_in pots, one lot on the 
surface of dry earth, one lot. on the surface of wet earth, one lot two inches, deep 
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in dry earth and one lot two inches deep in wet earth. ^Veiglits ol tubers 
were again determined before and after exposure. Exposure without moisture, 
lasted oiily for live days, for there was rain on Marcli 2-1 and 2(5 a,nd ibe 
pots got a total of Odd rain on these two days. Conditioiks, tlnwefore, ratlier 
favoured the germination of the tubers. Nevertheless the tubers fully exposed 
on the surface of dry soil had all been killed, and the germination of all excejjt 
the last ]jot was unsatisfactory. In the last pot the germination was 92 ]jer 
(!ent. indicating the (ionsiderable advantage derived from tire originally wet 
seedbed. 

SOMMART. 

Summing u]j all these exposure experiments we see tliat a temperature of 
lO't^F. (d-O^C!.) in an incubator has to be applied for fourteen days to be eih'ctive. 
Tlie same temperature in the field, where tubers arc eitlu'.r exposed to the 
vSiin or iuv not deeper than three inches in dry eartb, is elfective within eight 
(lays. This is anothe.r imjmrtant indication for onr guidaiua*. in dealing with 
the plant and suggests the need for some agiicultiiral operation wdiicli will 
bring tlie juaximiim amount of tubers to the surfaca? in the liottest jjart of the 
year. ■, „ ■ ■ , , 

;3. Experiments on the effect of spraymy with varivm chemieids. 

Experiment XXI I . 

l^iiice spraying with copper sulphate and other clu'micals lias lanni found 
(Elective in killing certain other \veeds, experiments wer<i designed to test the 
etfect (jf such spraying on the lavala weed. 

These were first done in two w'ays, (1) by watering j)lants grown in pots, 
(2) by mixing the cluimical with the soil and then planting tubers in the soil. 

(1) Watering plants in pots. 

The chemicals used were common salt, quicklime, magnesium suljdiate, 
ferrous sulphate, copper sulphate. These chemicals W(3re administered in 
2, 4, C, 8 and 10 per cent, solution strengths. There were for each treatment 
two scries of pots, one with single tubers and one with cliaiiis of tubers. Two 
pots witli single tubers and two with chains, a total of 20 pots for each cliemical. 

The pots were filled with good river soil on June 21, J921, and tlie 
tubers and chains of tubers (whole systems wdtli the aerial slioots) wcux*. phuitisl 
on June 22 and 23. The were watt^red wit!) ordinary water til! 

June 27. 

On that (late two and a half litejs of the solutions w(;re poured on. to ilu; 
soil in eacli j)ot after stirring the soil. Tlie jiots we-rc ktq^t under obsein^ation 
till July 27. During this period they ret^eived 7*27 inches rain. 
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The results were as follows : — 

(.Vjinniori siilt ; — All pots showed caked and cracked surface soil. All 
shoots \^^ithered, l)iit those from plants in the pots treated with 2, 4 and 0 }:er 
cent, solutions revived, producing new leaves. Unsprouted tubers (wlntlier 
solitary or in chains) remained dormant till the third rveelr. Then all the tubers 
in the 2 and 4 per cent, pots spronted, but in the 6 to 10 per cent, pots only 
two or three tubers sprouted. In the 10 per cent, pot the few tubers that 
sprouted did not survive. 

Quicklime (slaked) : — Tins liquid -was added to the soil when cool. Tliere 
was no evil effect on either shoots or tubers. All the solitary tubers sprouted. 

Magnesium sulphate : — The effect was stimulation of grow’th. The 
solitary and chain tubers sprouted. The shoots were deep green and flowiM'ed. 
early and profusely. 

Ferrous sulphate : — The shoots turned yellowish and sickly in the first 
week and later revived. 

Copper sulphate : — The shoots turned yellowish and sickly during the 
first week. The plants treated with 2 and 4 per cent, solutioiis revived in the 
second ’week. The plants with the 6 to 8 per cent, treatment survived till 
nearly the end of the experiment and then died. The plants under the 
10 per cent, treatment died at the beginning of the experiment. Tuber 
germination W’-as delayed till the third w^eekj but few of the shoots survived 
in any strength of treatment. 

(2) Pots with chemicals added previously to the soil. 

The soil in the pots was w^et with rain. The moisture was determined 
and the amount of chemical added so as to be a percentage of the dry weight 
of the soil. The actual percentages w^ere close to 2, 4, 6, 8 and 10 of the dry 
weight of the soil in each pot. The same series w’'ere employed (solitary tubers 
and tubers in chains with the aerial parts intact). Planting was done on 
July 27. The plants were observed for a month during which 3*71 inches 
of rain fell. The effects were similar to those in the first experiment but were 
more severe in tbe case of common salt and copper sulphate. The lime and 
the magnesium sulphate had no evil effects. In the ferrous sulphate pot the 
tubers germinated but withered in the second week. In the copper sulphate 
pots all the tubers sprouted in the third week but withered in spite of the 
rain. 

(3) On the basis of these indications 3x3 ft, quadrats of lavala infested 
soil were sprayed as follows : — 

One with 2 per cent, common salt, one with 2 per cent, copper sulphate, 
one with hut water and one keiJt as a control. The hot water treatment was 

4 ■ 
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.sii])pose(l to 1)0 witli ])oilii).g vvatcT. By tlie time the wntcr roa(‘lio(l tlio pltuits 
however, tlio tcrapomtui'e. had fa'Iieii to al)out G2T. FTonce. ho far n.H tom])e.ra- 
tnre \V(Oit the ti’oatnieid. wan uk(*,1chs. T1h‘, treatment. howoAaw, was (‘outiiiiied 
to tlio ])egiimiiig of May 1922. The other tr(^atnieuts started on Nove.mber 
1921 and eontimied till October 1922 twice a week, being 100 applications in 
all..' ■ 

The area between the quadrats was mimbered and dug up and tln^ 
number of tubers in each section counted. This indicated the tuber pO]uda- 
tion per 27 cubic ft. to be 875, a high figure. 

The, soil was ])ut back into the trenches, but the tubers were not })Ut 
back. The idea was to keep the, quadrats free from encroachment from 
outside tubers. 

The countings showed iihe decrease of tubers as one goes dei'per into tlo^. 
soil and also that there are many inoTc tubers than shoots. 

Method : — Baeli quadrat was s[)rayed twic<‘ a, week with a 2 ])(■,]’ cent, 
solution of the chemitjal. 

Spraying was done from 25th November, 1921. After the 4Gth spraying 
the shoots in all the q uadrats were counted at the time, of each spraying and 
the result is shown in Graph 4, The greater efficiency of the common salt is 
clearly shown.’ It is also observable that the number of shoots in all plots 
■ markedly decreases after the rains. 

After the 67th spraying the. soil at various depths in the salt sprayed 
quadrat was analysed with the following result. 


Soil sam-plea. 


Cliemical common salt 


0-53 0-046 


From these same four depths and from this quadrat four puts were filleil 
with soil and in each pot 50 seeds of jowar {Andro'jwyon Sonjhum) and five, 
lavala tubers were planted to test the growth of these plants in the soil whic.l] 
had been subjected to the spraying. The jowar in all the pots germinated. 
In pots 1, 3 and 4 the seedlings were sickly, but in pot 3 they improved afttn- 
wards and produced plants three feet high which headed out. Pots I and 4 



RAN ABE AND BURNS 


145 





146 THE ERADICATION OP CYPBRUS ROTUNDUS L. 


(litl not pi-oduce earlieads. Pot 2 produced liealtliy plants wliioli Jieaded. 
Tliche pots were watered daily. There was therefore prol)a))ly washing out of 
the salt. Even with this, however, the surface layer seems tt) have had too 
much salt for the health of the jowar. The poor growth from pot 1 may 
possibly be explained by the fact that this was subsoil. In addition, 1 00 j owar 
seeds were planted on the remaining undisturbed part of the salt-sprayetl 
quadrat and allowed to get the rain (from 20th July, 1922). The seeds 
germinated but withered, and only three seedlings on the border where 
presumably there was less salt grew three feet tall and headed out. The 
indications are that the surface soil was too salt for the growth of joAvar. 

Tlie lavala tubers in the pots first mentioned all germinated. 

One-fourth, of the quadrat was then dug out and the total number of 
tubers found was 121. The distribution was as follows ; — 


Table X. 


Quadrat 11 (Salt). Area sq.ft.) 


Five liealtby-looking tubers from each depth were selected and planted 
in good soil in pots on 20th July, 1922. All failed to germinate except thre<5 
from the lowest layer. The others on 20th August, 1922 Avero found to be 
shrivelled. Tj'cating with 2 per cent, salt, therefore, seems to be effective in 
killing the shoots and the tubers in the upper layers, but it does not kill the 
tubers which are deeper and it renders the u])per layer of soil unfit for 
jowar. 

The ai)plication of chemicals Avas stopped after the 100th spraying 
(20th October, 1922). During the period from that date to 14tli Xovcmber, 
1922, there Avas an increase in the number of shoots in the salt plot. 
This was found to be due to invasion from the control plot, the rhizomes 
having crossed the previously dug out and refilled trench. The remaining 
three-fourths of the salt plot were dug out on 14th November, 1922, and in 
the first foot were found 40 shrivelled and 30 plump tubers, in the seco.n(l 
20 shrivelled and ten plumi) tubers. The plump tubers were all transplanted 
into good soil the same day in Modi Bag. Only two tubers from the first 
foot and three from the second foot germinated w.ithin a Avcek. The others 
failed to germinate. 


0" - e" H" ~ ir .12" ~ 18" 18" - 24" Total 
12 38 61 10 121 


Depth 

Tubers 
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Tn the nopper Bulplhate plot, tlie chemical seemed to kill the foliage (wliidi 
was to he expected) as the leaves were made to turn yellow, hut these were 
constantly replaced })y new leaves and new shoots. The whole (juadrat 
was dug out on 17th October, 1922 with the following result : — 


Table XI. 
Chevnical CuSo^. 


Depth . , . . j 

6" - 6^ 

6" - 12'' 

12" - 24" 

Tubers .. .. 

248 

392 

45 


4. Experiments in repeated rermml of the shoots. 

The next series of experiments deals with the effect on the tuber id 
repeated removal of the aerial parts. Such removal of aerial parts is all 
that occurs in ordinary hand-weeding and in a good deal of weeding by 
implements, hence it was necessary to determine the effect of such removal. 
Theoretically, if one could continuously remove all leaves as they appeared 
one ought to be able to exhaust the reserves of food in the tubers. 

Experiment XXIII. 

k single tuber freshly dug out was soaked in water for 24 hours and 
planted two inches deep in black soil in a pot on June 1, 1920. This tuber 
when dug out weighed 0'87 grm. and after soaking 0*92 grm. The shoot 
was cut off at intervals by a pair of scissors as close to the soil as possible. 
The dates of cutting and number of intervening days were as follow’s : — 

Date of cutting Interval in days 

ll-(5-20 ■ 10 

3-7-20 23 

2—8—20 20 

11-10-20 (last shoot) 105 

20-12-20 (no shoots) tuber dug out. 

The plant throughout the experiment was watered twice a week. 

The tuber when dug out weighed only 0*32 grm. It was shrivelled, 
only the outer skin and the w^ood fibres being left. It is remarkable that 
although the plant was not allowed to develop its shoot the tuber took five 
and a half months to die. The tuber lay dormant for a long time before 
making its final attempt to~produce''a shoot. 

Experiment XXIV, 

On June 11, 1921, 24 freshly dug tubers were weighed and planted two 
inches deep in good black soil, each tuber in a separate pot. Shoots were cut 
off as in the last experiment. Table XII gives the data. No tuber made 
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3 prodiHiliioiL Al'U‘r t,iur,o itioiil, 
uU'.i: lill r)iiti.<^ I L Id: 

!ii iuhci'Jj wcM'd ill. ,slir<!(iri iuui t 
Thoro liiid IxMiti no jirndiid/um 


more than six suceessive attempts at, siio- 
no shoote appeared. Tlie pots were, kept t 
wlieii all tlio tubers were <lug out. .Mle\ 
other tliirtcen hollow and without starcli. 
new tubers. 

TAJ 3 .LE Xll. 

Effect of frequently Gutting off the aerial shoot produced from the Lnvala lube 
Experiment starteal on llth Juiie, .! 9:4 
ended on lith. June, 1922. 


l.,!ll)Ol No. Hhoutf! out 
at a tinuj 


Tuber No. 


lot Hlinnl! 


IH n 21 
2:3 -(!~ 2 ! 

2 U -(>~21 


0-.S7U 


0 •,"■):>! I 
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No. of 

Liibtfl No. shoots cut 
at a time 




Ifiiial 

Original weight 
weight of of tuber 
tuber 


1 18-6-21 

1 26-6-21 


Grm. Gnu. 
0-840 Shreds. 


No shoot was found. Tabers all in small bits. 


Shreds. 





Tliese two experiments confirm the theory that repeated removal of the 
aerial parts will kill a tuber. This seems simple. The following experiments 
will show how the treatment works in actual practic^t2^^m|^the. ^ 

!!< LIBRARY. )5l 
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ExpermoM XX V. 

This Hxpftriineut had a doiiblo f)urf)<)K(‘, (1) to tost tlu^ (‘.HVot o( wood! up; 
on lavala colonies in a small plot, (2) to compare tin' elltu'tivom'ss oi two 
methods of weeding. 

As regards point (2) ; — X'g have shown that each aerial slioot has at its 
base a bulb (Plate YI, 2) not a tuber, from which arise horizontal rhizoimss ami 
droppers. Ordinary weeding by the weeding hook {Klmrjn) does not remove 
this bulb. If weeding were done to tear up this bulb then such weeding 
ought to be much more effective. Accordingly a coarse fork was mad(^ wliicli 
was thrust under the bulb, thus levering it up. One plot was weeded with 
this instrument and one by the Kliurpi. (Plate Yll, 1 ,) 

The plots were in an unirrigated part of th,e collegt; farm. One [)h)t 
measured 2x2 metres and the other 2 x 3. They should liave been of the 
same size, but the results are made comparable by reducing tlumi to terms of 
one sftnare metre. Weeding began on September 7, 1920, and went on till 
May IG, 1921, when the tubers in each plot wokj dug out, c.ountt^d ami 
replaced. No further -weeding was done till September 1, 1921 ; so the 
transplanted tubers had the full benefit of the 1 921 rains. On S(!])t(UHher I 
1921, the tubers were finally dug out and (counted. TIkj numIxM' of shoots 
visible was counted at each weeding. Tabhs Xlll gives the details of the 
experiment ; — 

Table XIIL 


IT coMmf Experiment. 



X<i. ofshooth 

JO'IMOVKIJ cr.u 

CALeXU.ATIO) 
I'HIl S(,}. MKTUK 


.Date of weeding 


Tubers dug out, oounted and 
IK? I 440 j 270 

12 1 ISO 1 1(51 

Tubers finally dug out. 


Days 

bio. oii’ .SHUOT.S 
IlKMOVl'iB l'HR 1 

\vEni)nN«i [lY 

between 

weeding 

1 Area 


Khiu'pi 

2 >C 2 metre ' 

Fork 

2x3 metre 

21 

. 120 

205 

71 

310 1 

355 

71 

190 

155 

30 

120 1 

()9 

, 30 

90 1 

40 

29 

8(> 

20 

31 

6() 

0 

2.3 

73 

i 20 






2. Weeding with Planet Junior Hoe. 
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Tuhers ai lest diggings. 


Date 

KiiURPI -WEEDED 

PLOT (2 X 2 metres) 

EOliK-WEISDED 

PLOT (2x3 metres) 

Empty 

tubers 

Normal 

tubers 

Empty 

tubers 

Normal 

tubers 

16-0-21 . . 

86 

405 

172 

480 

i:i-9-21 .. .. .. 

33 

113 

141 

126 


Above figures reduced to one sq. metre as unit. 

16-0-21 .. 

21-0 

101-25 

28-66 

80 

13-9-21 .. 

8-2.5 

28-25 

23-5 

21 


The following points emerge : — 

(1) Reduction of shoots. From September 7, 1920, till May 8, 1921, 
the percentage reduction in shoots by the Khurpi method of weeding was 
only 39’16 ; while by the fork method it was 90*28. This demonstrates the 
greater e.fficiency of the uprooting of the basal bulb. 

(2) Reduction of tubers. The original number of tubers is not known. 

The total number of empty and normal tubers found at the end of the experi- 
ment cannot be considered as a measure of the number at the beginning of the 
experiment, since in the weeded plot the tubers probably multiplied 

considerably and in the fork-w^eeded j3]ot their multiplication was probably 
much impeded. The figures, however, show some surprises. The first of these 
is the comparatively small difference in number of normal tubers between 
the two plots, w^hen compared with the large difference in above-ground shoots. 
The still more astonishing result is the very small number of sound tubers 
remaining at the end of the experiment in the /£/mr^i-weeded plot. 

One fact stands out prominently. Neither form of weeding had entirely 
cleared the ground of tubers. There were left enough to repopulate the area 
in a very short time. 

Experwient XXVI. 

This was a field experiment to repeat on a larger scale the earlier experi- 
ment on the weeding of tubers deliberately planted for the removal of their 
aerial parts. Pits 3x3x3 ft. were excavated in Empress Gardens and the 
number of tubers in each layer was counted and set aside. These tubers were 
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I'eplaiitcd hi siiiiiiai’ sized, pits cm tlie College Ifurin. hi pits 1 iuid li, the 
tuliers were replaced attlie dcsptlis in wJiicIi they were found. In pit .111 the 
tubeis v,ere mixed with, the soil throughout the whole ll ft, depth, '.riie 
surface of pit .U was weeded and ])its I and 1.11 were .kept as controls, 'riu*. 
experiment started on November 17, 1922, and ended on October ol, 192.>, 
when the tubers were dug out. Weeding was done once a week by tlic fork. 
No watering was given. Shoots appeared from January 13, 192:>. Table N iV 
shows the results. 

Table XI V. 


Number of ahools frohi the tub(’i\'< (/rantiphaifr.d. 



Wt'elvly wceilhiy 
Nu. 


Quadrat weeded 
weekly 


(Itmlnd qiia.dntl 
(tiibei'ri 
u layers) 


Uonlrel iiuadrat 
(l.iilu'rs mixed 
in soil) 


.. 

■o 

1 

2 

4 ■ ■ 

5 

2 

0 

ii 

0 

0 

0 

0 

■ ■ n 

' i>' 

1. 

. 2 ' ' 

1 

0 

2 

0 

u 

0 

J 

ii 

ii) 

28 

28 



1 18 

liA 

47 

]01 

J8() 

50 

54 

121 

78 

8 

118 

82 

5 ’ 

120 

80 

4 ... . 

124 

134 

1 

107 

113 

0 

100 

121 



. 




Judged by the results on the tubers the weeding in pit I has b(*(m cn’ectivc. 
It must be remembered that these were tubers planted ad hoa witli aerial 
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parts removed as soon as shown and. were much in the position of tile isoiated 
tii.bers in pots in experiment. 

In the two control plots there w^as a considerable total decrease i,n 
tubers and there was a decrease also in the number of viable tubers. Tliis 
shows that the conditions were much less favourable in their new home than 
in the Empress Gardens from which they were transplanted. 

Expermient XXVII. 

Two adjacent plots each measuring 100x20 ft. were selected in a weed- 
infested area of the College Farm. One of these was used as an untreated 
control and the other weeded once a week by the Planet Junior Hoe witli the 
ordinary weeding blades on it. (Plate VIIj 2.) Before weeding two quadrats 
each 3 by 3 ft. were selected and the shoots on these counted. These were 
regarded as fixed quadrats and all countings done on them. Tables XV' 
and XVI give the counts of the shoots in both cjuadrats and tlie number 
of tubers in the soil at the close of the experiment. 

Table XV. 

Number of shoots on the quadrats (3x3 ft.) in the experiment of tveeding 
with a Planet Junior Hoe once a weelc. 


No. oJ; 
iveediiig 

Date 

Shoots in 
quadrat in plot 9 
Hoed 

Shoots in 
quadrat in plot 10 
Control 

1 

18-8-22 

494 

556 

2 

29-9-22 

110 

.379 

3 

(5-10-22 

229 

314 

4 

21-10-22 

122 

235 

r> 

27-10-22 

185 

204 

() 

3-11-22 

158 

205 

7 




8 

17-ii-22 

205 

138 

{) 

24-11-22 

323 

254 

10 

1-12-22 

164 

253 

11 

8-12-22 

184 

39(5 

12 

16-12-22 

128 

105 

13 

22-12-22 

167 

393 

14 

29-12-22 

126 

243 

1.5 

5-1-23 

2(5 

341 

K) 

12-1-2.3 

102 

105 

17 

19-1-23 

-94 

327 

18 

20-1-23 

126 

364 

19 

2-2-23 

105 

297 

■ 20 

9-2-23 

212 

245 

21 

16-2-23 

106 

107 

22 

23-2-23 

78 

312 

23 

2-3-23 


102 

24 . 

9-3-23 

60 

310 

25 

16-3-23 

28 

217 
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Table XV- covfd. 


SURPACJ'! 
TO ()" 


Shoots 
on the 
surface 


Total of 


good 

tubers 


Hoed. 25-1 0-2r 
27-10-2S 
„ 28-10-2:1 
Control. 25-10-2:1 
Grass 
shoots , , 
„ 27-10-23 

Grass 
shoots.. 




Shoots in 

Slioots in 

veediiig 

Date 

quadrat in Tilot 9 
Hoed 

quadrUit in plot 1.0 

Control 

26 

23-3-23 

64 

285 

27 

30-3-23 

47 1 

325, 

28 

6-4-23 

37 

i SM 

29 

13-4-23 

11 

323 

:io 

20-4-23 

23 

:i9i 

31 

27-4-23 


326 

32 

4-5-23 

i4 

315 

33 

11-5-23 

103 

76 

34 

18-5-23 

104 

300 

35 

25-5-23 

108 

309 

36 

8-6-23 

221 

105 

37 

15-6-23 

12 

103 

38 

22-(5-23 

12 

1<)6 

Hoeing not jiossildo duo to rainH, 


39 

3”8’“2il 

210 

580 

40 

lO-S-23 

510 

63 

41 

17-8-23 

635 

126 

42 

24-8-23 

:170 

47 

43 

31-8-23 

362 

62 

44 

7-9-23 

489 

35 

45 

14-9-23 

453 

33 

40 

21-9-23 

483 

44 

47 

28-9-23 

282 

79 

48 

5-10-23 

397 

72 

49 

1:1-10-23 

:i56 

116 


The experiment was atoppe( 

:i. 

( 


Table XVI. 


Final test diggings in the experiment of weeding with Planet Junior 
Hoe, College Farm. 


i:r- 

-18" 19"-24" 



1 

I 

& 

s a 


m ^ m 

231 

5 122 0 

221 

3 26 2 

353 

, 12 64 0 

209 

2 29 1 

336 

10 171 3 
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It will ])ft seen that this weeding was absolutely iueh'ectiv’^e. In fact 
the control ])lot was less weedy than the weeded plot. ThivS was partly due 
to the growth of grass on the control plot competing with the lavala. We 
shall have more to say later on regarding the competition of grass and 
lavala. 

The ground was unirrigated and hard. Hoeing in this superficial manner 
was doubly unsatisfactory on account of the hardness of the soil and because 
the shallow-going implement did not uproot the basal bulb. Not only so, 
but tbe clearing away of tbe loose soil after a weeding revealed shoots on 
their way up which had escaped the hoe blades. An actual count made on 
January 25, 1923 gave the following figures in a 3x3 ft. square surface. 

Number of shoots before weeding .. .. .. ..28 

1 ) j» after „ .. .. ..7 

Two inches of loose soil Avere then removed and there appeared shoots 
Avliolly or partially protected from the hoes . . . . 53 

(These included 21 of which the leaves had been severed but the haaul 
bulb untouched.) 

In another case the number of shoots before weeding was . . . . 35 

After removal of two inches of soil there appeared (including the 
above 35) .. .. .. .. .. 129 

As it is manifestly not economic to scrape the loose soil off and then hoe, 
this method of weeding in hard soils does not commend itself. 

Experiment XX VIII. 

In this experiment four plots each 8x2 metres were treated thus. 

L Hand- weeded twice a week by the fork uprooting the basal bulb. 

II. Untreated control. 

III. Hoeing with Planet Junior Hoe twice a week. 

IV. Hoeing with the Planet Junior Hoe once a week. 

The plots were in the Empress Gardens. The adjacent ground was 
irrigated three times a month. The plots were not irrigated, but on February 
15, water was accidentally allowed to flow over the plots. 

A test digging on December 6 at the edge of all plots except the 
control plot gave the following results (Table XVII). Counts were made 
of the shoots before each weeding. Test diggings and their results are 
shown in Table XVIII. The first test digging was taken at the edge of 
the plots and the number of tubers in these diggings was probably 
due to invasion from neighbouring soil. Tbe second test digging was taken 
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in tbn middle of tin*, plots and tlie en'ect of tlio 


Table XVll. 


Opposite Plot 1 Opposite Plot j 

weeded- No. of No. of 

tubers tubers 


Oitpo.'-'iie, Jdiil IV 
No. of 
tubers 


Tabi.e xvm. 

Test iUggin.f} in the Empress Gardens plots in uveded and hoed areas. Taken on 
15-6-23 (in the middle) and on 20-10-23 (at. the end) of the Experiment. 


•p,. , . L! r rn 4..1 I 'I'otid of, I To Li-1 0,1 

JJiggnig Surlfiee . ' i noruiiil ■ eiujilv 

on dates shoots tubers 


] 5-()-2.M 1 1 

2(i-l()-2.‘} J 


I l.o-(i-2:t I :}44 

26^10-23 I 23o 
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TJie net I'esnit again is tliis : — 

Thorough weeding does reduce the number of shoots and tubers, but 
takes a longtime and must he continuous. 

By itself, weeding, even if very careful and continuous, can hardly be 
looked on as a method of extirpation in a badly infected area. 

Experiments in the effect of cover 

The next series of experiments deals with the effect of cover on the life 
of the fowZa weed. 

6. Experiments in tJie effect of artificial cover. 

Experiment XXIX. 

In Ganeshkhind Botanical Garden, in the vine plantation, where the 
ground, had recently borne a cucurbit crop for the purpose of keeping down 
weeds, a plot 18x19 ft. was covered with bamboo matting on December 13, 
1921. A similar plot was taken as a control. Test diggings showed no 
tubers in the second or third foot of soil in either case. In the first foot 
rif soil in an area 3x3 ft. surface the number of tubers in the plot to be 
treated was 10 and in the control 15. This number is low, showing some 
efl'ect probably of the cucurbit crop and previous cultivation. No water 
was given to either plot. On January 24, 13 shoots had pierced the 
matting. Several thicknesses of newspaper were therefore pasted over the 
matting. Once a month from February 1, oii'wards the plots were examined. 
The thirteen shoots, became sickly, bent and shrivelled, and no furtlier 
germination occurred in either plot. Two test diggings in each plot were 
taken on September 7, 1922 after Ik 78 inches of rain had fallen. The 
bamboo matting had to some extent kept out this rain. The control had 
a growth of other weeds, but neither showed lavala. The results of digging 
the usual 3x3 ft. pit were, 

Covered jjlot. First foot 8 normal and 3 empty tubers, 

Control, first foot 18 normal and 9 empty tubers. 

This experiment was abandoned as a worse infested plot was recpiired 
to give significant rcsiilfes. The only possible conclusion that can be drawn 
is that the cucurbit crop had adversely affected the tubers. 

Experiment XXX. 

On. the College Farm an area 10 X 10 ft. was covered by bamboo .matting 
on 13th. Dee, emb(!r 1921.’^ The area was isolated from the surrounding land 
by diggi.ng a trench round it 3 ft. deep and 1-| ft, broad. This incidentally 
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allowed US to get a measure of the density and distributiim, o! tlu*. tubers 
in tlie soil of this part of the field. Table XIX shows tiiis deuisity and 
distribution. The plot was very badly infected and is in inarki'd conti'ast 
to the Gancshkhind Garden plot in the last experiment whi<li we must 
consider as nearly free from the weed. On January 24, 1922, it was found 
that 23 shoots had pierced the matting. Several thicknesses of n<;V's- 
paper were then pasted over the matting. On February 10, shoots were, 
appearing below the matting but w’ere yellow and bent. On April 7 
shoots were found issuing from the sides of the surrounding trench. The 
sides of the trench were then covered with, matting. On May 4, it was 
found that shoots were piercing the matting on the sides of the trench. 
The trench was therefore filled up on that <lat(?. On >S(’iptc.ml>er 1, one 
corner of the covered area measuring 1x1 ft. was dug out to a depth of 
3 ft. Xo tubers were found in the third foot and a total of 100 tubers in 
the upper 2 ft. All -were normal except tho.se in the toj) 3 inches. 4hie.so 
100 tubers were planted in good soil at 3 ft. deep in Modi Jhig and wat<w(^d. 
By the end of September 40 had germinated. The period of i‘,ov(U'ing (nine 
and a half months) was therefore clearly insulficient to kill the tubers 
beneath the cover. 

Table XIX. 


The nimher of tubers in the trenches around the area under eomr of the 
mitting. 


Trench 

Area of the 

Shoots on 

're BEES at OiyrERENT DJJI'THS 

Total 

No. 

trench 

the Rurffieo 

In the tirst 
foot. 

In the second 
foot 

In the third 
foot 

I 

lU' X .i-r 

33o 

730 

420 

40 

■ 1,525 

2 


410 

921 

514 

74 

1,91 

3 


380 

078 

284 

50 

1,398 

4 

- ” 

217 

142 

2C4 

, 45 

908 


Another test digging of the same kind was done on February 27, 1923, 
and the tubers similarly tested for germination, Fr<}m tlie 18 to 24 indues 
depth only six tubers were got and none of thes<‘, germinated. Above 1 8 inc.hcs 
tubers were numerous (total 829, of which 462 were not empty) from (‘.ac.h 6 
inches layer 40 were taken and jmt to genninate. Between March !0 {ui.d 
April 23, tubers from the top 6 inches germinated to the extent of 36 out 
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of 40, tjubere from the second G inches to the extent of 32 out of 40. In 
April 1923 an iron sheet 10x4 ft. was laid on the soil near the plot (’overed 
by matting. In June a test digging revealed the fact that almost all 
tubers wore plump and healthy. The sides of the sheet were then earthed 
up. Nevertheless, throughout the rains, shoots were being produced beneath 
the iron sheet. These were naturally etiolated. When the area was fiiially dug 
up it was found that many of the original old tubers were empty. Tlie lavala 
plants round about the covered area had sent in tubers under the iron sh.eet at 
alnuit the six inches level. Table XX gives a compaiison of the results as shown 
at tlie June test digging. The much reduced number of tubers in the middle of 
the matting cover shows that, at the side of the covered block of earth, air, light 
and infection from outside had all conspired to keej) the. tuber number high, 
while in the less favourable conditions in the centre of the matting the tubers 
were gradually being reduced. This, however, was after three months continuous 
cover. 

Table XX. 

Test diggings {3'x3') in the area covered with matting, College farm, 

June 12, 1923. 





Tubers at uiepebe.nt i)EPTii.s 


Locality of the 
test digging 

Date 

iSurface 

shoots 

I 

i' 

6" 

1 "~ 

12" 


-18" 

19"- 

■24" . 

Total of 

1 normal 


a 

w 

Normal 

Empty 

.1 

jf 

Normal 

Empty 

Normal 


Matting — 

N. W. Corner 

12-6-23 

0 . ’ 

155 

156 

105 

109 

112 

i 

201 

2 

10 ■ 

876 

S. W. Corner 


2 

219 

514 

119 

109 

25 

1 

41 

4 

2 

470 

Centre 

22-6-23 

2 

224 

55 

243 

66 

1 

3 

0 


0 

111 

Under the iron sheet , . 

12-6-23 

149 

0 

S15 

12 

240 

1 

120 

0 

17 

1,192 

Control from a harrowed 
plot . , 


12 

15 

739 

0 

221 

1 

3 

107 

0 

11 

1,078 


The area, which had been under the bamboo matting, was exposed to 
the sun from July 27, 1923. Within a w^eek shoots appeared on the surface 
near tlie edges. Three test diggings were made to ascertain the nature of the 
surviving tubers on August 8 and 14, 1923, Table XXI gives the results. 
The tubers from the third digging w^eie transplanted to test viability. The 

,■','. 6 . ' 
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following is the irsult (T{'i])Ie XXH). T]u>. time, of gt^rnamitioii \va,H from An, must 


8 to October -il . 


Tamlr XXI. 


ot. Ih;. area iiiidcr the mu((in<f mvr.r. OoUvift- F<ir>Hs Pomni. 






Timiiiis IS TH.ii i)n'’ifErujNT a.'Wi 












Xo. of 

Date 

I 

(3 


1' 

U' 

2' 

an 






^ 

- i y 

1 >. 

1 i- 




1 


■ '1 ’ 3 

c - 

- 1 ■■ . I' ' ! 

5 ! I* 


i ' 

Eh 



Y ; 0 . 

. 1 w 

X . w. 1 

^ . 

I. 

1 M-S.22 

200 

30 

IDl 

81 20 

47 07 

34 

8 0, 

11. 


127 

6 

11 

55 ii;i 

46 051 

19 01 

1 51 



517) 

11 

;5(i 

30 : 2:1 

28 j" 10 

17 S 

■ ; 

LhlA 


Taim.r xxir. 


(jeriiidiitition of the fnnixpltinU'il Inhi’rft. 

1 Tubor out of' 1 1 I'nuii t-lu> (f' !)•'.) |i(>i' eoiil . Ocrtiiiin) uui, 

:r .Do. :iii „ „ r „ lo-o „ „ 

a Do, as „ „ 1.'/ is-n 

S Do. 17 „ „ 2' „ -17*0 

0 Do, 51 ,, 2.1' „ (fO 

Later, on Octobc.i' 2U aiul ‘M, two dtMise patches of f.hc weed t-hat had 

arisen ou tbe area after the rt'mova,! of tia^ bamitoo matting nnre dug out and 
examined. The slmois were found to proceed, from tulxus lu'low 18 inclies deep. 
The upper tubers Avere dead. TIk'. totiii number of tuliers was 217 (in the usual 
test digging of GxoxG ft.) of wlneli 1 1<I were empty, 22) norma,! solitary and 
no normal ill ehains. Xew tiilxus had biam fu-odueed below 18 inclies. 

The general eoiidusion from thesii exjiciinauits is tliat coviU' is a, very 
incfi'ective means of (healing witli tli(‘ tubers, .B(*1ow 18 ineh(‘,s tlu' original 
tubers may survive for .more than two years and at tliat depth new tiilams 
iiifiy be formed. 

Experiment XXXI. . 

Pcihco miilcli is a specially prejiarivl aairl watc^rjiroofixl paper wliie.li i,s 
spread on land to keep doivu weeds and conserve moistuni. 

The paper was applied to land (.a,>.utaining the vvet'd iri the f<d lowing 

ways : — 

1. A square of 3 x 3 ft. was dug to three feet deep and cleaned of tnix'us. 
100 tubers wore thou planted in tlie top six inches. Pabco mulch was laid on 
tlio top and firmly secured by eartliing up the sides, 
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2. Aivothc;!’ 3 X 3 It. areu was Wfieded so as to romove tho siirfaco slu.iols 
hut le.u'o tlioso just about to ap]»eur. (hi tliis u,rea tlio pajier was laid. 

3. Li. aju)tlior 3 : 3 ft. area tho j)ajtcr wa,s laid outlio plaaits as tiiey 

were. All these tliree plots were utiiiTiguted, 

4. .-V sheet of Pabeo was laid on the earth of a water ehaiinel so as tdosely 
to cover the weeds and allow water to run over the paper. 

5. An irrigated area 5 X 3 ft. was covered. 

6. An area 20 X 3 ft. was covered and irrigated after laying tlown the 
paper. 

These ex])eri.inents were laid out on September 7, 1923. .By September 
17, 1923, in every one of these experiments the lavala shoots had pierced the 
})a])er, fornual basal bulbs and developed normal aerial parts. Adult leaves 
which had lieen covered had suffered, but the spearheads of the new shoots 
w’-ere quite suffic-iently rigid to penetrate the cover. 

Ex'jjeriment XXX IL 

At the Government Farm, Surat, a plot 10x10 ft. showing 25 lavala 
shoots was covered by cut grass on February 21, 1922. This grass was 
allowed to stay on the ground till May 22, 1923. During this period the grass 
pile which was originally .five feet high settled down to about three feet and 
received the monsoon rain, thereby becoming rotten. Lavala shoots managed 
to come through the edges of the cover. A small part of the cover was removed 
and a test digging made on August 18, 1922, ainl again wljen the grass was 
removed. (Table XXIII.) 


Table XXI 11. 




O.'CBISRS 

’’.test diggings from 

Date 

Normal 

.Em2)ty 

A. iireu . . 

Aug. IS, 1022 
May 22, 

(} 

! 1 

1 10 


(mean of three) 

0 ■ 

B. L'(jnirol uiitsi<le covered areii. 

Aug, IS, 1922 
Dec. 29, 1022 

■42. 

25 


(mean of three) 
May 22, 1922 

172 

117 


(mean of three) 

89 

0 


In this case the cover has certainly killed the tubers. 
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Experiment XX XII I. 

At tho, QovBrnmont Fann, Siivat, iwar tlu*, aT<'a of tlu', la, si; (‘xpo.rinioat, 
another plot of lOx 10 ft. was covered to a depth of six feet by cotton 
stubble. This {)ile. settled down to about five fe(it and was peiudu-Jitc'd at its 
edges by lavala shoots. The cover was removed on May 22, 192lh 

In this case also all the tubers in three test diggings were empty. 

In both experiments the top soil up to six inches deep from the. surface 
beneath the cover had dried, but the layers below had a good deal of 
moisture. 

Experiment in the effect of Agrieidtmral Operations. 

The next series of experiments deals with the e.fhv't of agricultural o})(>ra- 
tions in the field on the weed. 

Experiment XXXI F. 

At the Government Fodder Farm, Nadiad, a plot <5(1 >; <5(1 ft. was ploughed 
and harrowed, and the number of tubers brought to the surface counted. 

idea of the original density of the tubers in this plot was got by two t(‘Ht 
diggings, of which the figures are in Table XXI V, 


Table XXIV. 

Nadiad. 

Test Diggings before the operations. 

I. Plot to .be plough ed- (average of two test diggings). 


.Einsl; foot, 

fcjocond foot 

222 ■ ■ ■ 

43 


II. Control plot — ( average of two test diggings). 
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Table XXV. 

Test Diggings after the operations. 

I. Ploudhed plot — ( average of three test diggings). 



On surface | 

First foot 

Second foot 

Total 

* Tubers 

52 

147 

. 104 ; -! 

303 


TI. Control plot— (average of three test diggings). 




First foot 

Second foot 

Total 

Tubers in . . 

..' r 

48 

75 

123 


The operations were as follows : — 

Becember 14, 1921. Ploughing to seven inches deep with a BT2 plough. 

Breaking of clods by hand with hammers. 

Disc harrowing. 


December 16, 1921. 
December 20, 1921. 
February 12, 1922. 
February 26, 1922. 


March 12, 
March 27, 
March 30, 
April 13, 
April 17, 


1922. 

1922. 

1922. 

1922. 

1922. 


Second ploughing to seven inches with BT2 plough. 
Disc harrowing. 


The farm was closed in May, 1922. 

During the experiment the total number of tubers brought to the surface 
in an area of 3 x 3 ft. (average of two such areas) was 170. 

Final test diggings were taken on May 25, 1923, and are given in 
Table XXV. 

The plot was revisited in August 1922. Lavala shoots were present in the 
plot and were found to be coming mainly from tubers in the second foot of 
soil. 


* Tests showed that of the tubers on the surface all were dead and from the next .six 
inches 70 per cent, were dead in the ploughed plot. This reduces the aetual living tubers 
in the finst plot to 203. 

In this PX])erinient, however, Ave can see that a greater number of test diggings should 
have been averaged to get reliable comparative results. What we do learn is that agricultural 
operations bring to the surface a great number of tubers and that these die. 
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Expcrinu'HLs in lh<‘ C(y}H'i'Jditi(m of other with (Vix’tus rolutMfii,-;. 

lU'.xt .s(‘ii of oxji<‘rinu‘.n(;H (lea.l wiMi tlio tMunpctition (ifotln'r phoUs wiMi 


tnmito. 


Experinmit XX.XV . 

E^Teot of GrawHcs oil Laviila. ; 

Several obscHA^'atioiis iTi,(li(!.“itecl tliat it might he po.'^sihie. to .smotlu'.r Invola 
by grasses. Some such iiulieations were as follows 

(1) Near canals in fields where lavala was growing it was aJisent from 

patches of hariali grass {Cynodon tlddylon). 

(2) At Khandala, Lonavala and fvarjat, lavala. a.homided in the rice 

tlelds but was absent from tin', a.djoining grass huids. 

(;i) At Hurat Farm a.n experiment in growing wild hxhh'r gnisse.s ga,ve 
lio])es of smothering lavala, by t his nu'thod. 

(d) In Gujarat it is a well known pra(‘i.ice to leave very ha,dly la\'ala. 
infested fields fallow for a. uiunber of yea, rs. Grass grovs on such 
fields and the lavala dies out. The fii'ids a,r(' (In'U a,ga,iu t.akn'ii, 
into cultivation. 

On the other hand, however, in the. polo ground of tin', Willingdon Sjauts 
Club in Bombay and in the Garth'iis of the Bombay Impitno'nu'iit Trust, 
lavala was found growing amongst hariali grass in siiiru-ient (piantity to iu' 
regarded as a pest. In both cases it is believed that tin', tidiers wove Irrought 
in from the race coui'se with hors(' manure stacked tlnwt',- the, lavala being 
jiresent in that area. 

The, following eight (j.xjrerimeuts wi'j'e, accordingly arruug{‘d 

(1) Isolated tubers were planted on a lawn iu the hunga.Iow comjiound 

of Dr. Burns, Kconomie Botanist, Poona,. This la,wr\ was 
practically pure Andropoyon minvlatus and A. Mrho.^its. 

(2) Tubers w’-e.re planted in grass areas adjoining the K!U-ja,t Riee 

Experiment Station. 

(d) Tubers were planted in the, lawns of th(' hnju'ovemeiit Trust Garden, 
Bombay. The grasses therr; were hariali {(Cynodon docfyloH) and 
Jieda {Pdspaliim disticJnmi). 

(d) Tubers were planted amongst heda. grass in Modi Bag in (he Colh'gt' 
of Agriculture, Poona,, and 3w*da grass was plauti'ti amongst 
liivudii in tlui College Farm. 

(o) lire etlectol natural invasion of liardali on a lavala [riot was olrserved 
on the Colhrge Farm. 
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Experiment XXXVJ. 

LMa utiiig of isoJated tulx-ii'K in tlic Econo, iiiic JiotaniHt’s law:iL 

Tile law.n ^vas divided uj) by paths radiating from the ceiitre. ijito .seven 
triangular sections. The lawn was flooded with canal water on(‘e in ten. days 
<‘xce{)t during the rains. One metre quadrat was taken in each sector a.tid 
one big selectfMl tuher planted three inches deep in the cen.tre of each quadrat, 
on 19th Align, st, 1922. By .28th August the tubers in five (piadrats had 
germinated (1, 2, 8, 5 and 6). They did not, however, produce any more 
shoots or tubers ii]) till 23rd November 1922. The grass wa.s iheii cut. 
Fresh tubers were then planted in all the quadrats except the tliii-d a.n.d fifth 
where the shoots were still alive (the tubers in 1, 2 and 6 having died). On 
31st April. 1923, the tubers of the second planting in quadrats 0 and 7 had one 
shoot each. All tlie otliers were dug out and. found to b(^ enijjty and dead. 
A third ])lanting of tubers in the same quadrats was then done on 31st April, 
1923. 

On June 16, 1923, it was found that the tubers in (juadrats 3 :i.nd 5 
from the previous planting luul produced one tuber each and had died and the 
tubers in 1, 2 and 6 had ] produced straggling shoots winch were withering and 
the tubers in 4 and 7 were dry and shrivelled. A fourth planting was done 
after digging out these tubers on June 21 , 1923, and live tubers were planted 
in each quadrat area. These had the benefit of the rains, but the grass also 
grew thick and an observation taken o:n October 29, 1923, shows that only 
one tuber had germinated out of tlie wliole lot of 35 tubers. 

This shows that the tubers were unable to produce more growtli ii:i a soil 
already full of grass roots and that the dens(> cover on the surface prei'ei)te<! 
vigorous aerial growth. 

Experiment XXX VI J. 

Planting of tubers in grass areas adjoining the Karjat Rice ihxperiment 
Station. 

Five quadrats were marked out on a, ,slo])e full of grass on the west of the 
ju'esent otlicc; Iniilding at .Karjat. 

Quadrat .1. Grass luulisturbed (control ]>lot). 

,, 11. 100 tubers from Poona fields were j)lanted in a. grass plot.^ 

,, .111, 100 tubers from .Karjat rice fields were jJanted in a grass 

plot. 

., IV & V. 100 tubers were jilanted in a grass plot from which tiie 
grass had been weeded (,IV and 'V were duplicates). 
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The tubers were jOauted in all the quadrats (»ii 22iu{ Aui;usli, 1022, and 
tlie couditioiis were favourable a.s rain wu,s faili!i<j: iU; ih<^ time. 

The tubers from Poona wer(i transporte<l in wet ^’umiy biiy uui,teri:t.! and 
liencti there was no fear of tlunr drying out luvlbri? phmting. 

These quadrats were again examined on 0th Diauunhe.r, 1022. OI)serva- 
tions : — 

1. Grass normal. 

II. Only seven tubers had germinated out of the 100. The shoots 
were weak. 

III. Twelve tubers out of 100 had germinated. 

IV. Fifti^Tour out of 100 li ad germinated. 

V. Sixty-six out of J0() had germinated. 

Out of these ])]ots IV and V, however, with their total of 120 gto-minabul 
tubers, only dO shoots W(‘.re green at the time of observ!i,tion. Out of these 
again four only Jiad })rodue('d small tuber colonics of <i, :i, 5 iuid 6 luhers 
respectively. 


The quadrats were agii, in observed on 6th April, 1923. Oliseivations 

I. Grass dry. 

11. All the tubers shrividled. They were dug out, 

III. Three hwala jjiants \\m\ alive, of which two liad four and t;wo 
tubers res])ective,ly. 

IV and V. .Drie<l shoots of 20 plants werti Found in thes(^ two taketi 
together, and in tln^ soil 50 dormant lu-altliy tuber.s. 
The living plants and the 50 dormant tuIuTs were, 
replaced in tlie sanu^ quadrats. 

The quadrats wore finally observed in August 1923. Ohwu'vations 
I. Grass thick. 

n . Grass thick. No ‘ lavala visible. 

III. Grass thick. No lavala visible. 

IV and V. Grass thick. No trace was found of th<', plants and tuber.s 
replaced ill these quadrats. 


This preliminary experiment shows that in grass land on the sl()f)es (d‘ tliis 
hill tlie soil conditions were unfavourable to thi.s plant ami the thick imitting 
of the fibrous grass roots gave little scope for tlie lavala tub<*.rs to sprout, 
root and multiply. In the weeded plots the lavala got a footing and only the 
uprooting of the tubers stopp(icl their growth. 
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Experiment XXXV III. 

Planting of tubers in tlie lawns of the Improvement Trust, Bombay. 

Two quadrats in a hariali lawn were laid down and 50 lavala tubers 
planted on 24th August, 1922. At the same time 40 heda grass stumps were 
I)lanted in the same quadrats, without removing the existing hariali. There 
were already at the time of planting on quadrat — 

I. Lavala shoots 56. 

11. „ 49. 

The lawn was mowed on 12th Septeihber, 1922, and 21st September, 1922, 
and on September 24, the position was — 

Quadrat I. Lavala shoots 82. Heda stumps 40. 

IL „ „ 65. „ „ 39. 

The place was again observed on 6th December, 1922. The stumps were 
unaltered in number but were dry and stunted. The lavala shoots were (I) 
30 and (11) 27 respectively. Hariali was growing thickly on both quadrats. 
On the same day both quadrats were dug out and the tubers were counted. 
Results : — 

Table XXVI. 




Tubers • 


Shoots 




0-12" 

12-18" 


{!) Control test digging at the time of planting 
(24-8-22) ' 

(50 

120 

80 

(2) Control test digaing at the time of digging out 
the quadra 2-22) .. 

30 

1 

189 

100 

(3) Quadrat I . . . . • • 

30 

150 

50 

(4) „ IT .. .. 

27 

139 

1 25 


The soil was one and a half feet deep over sand. The tubers dug out 
were all plump and dtwmant. 

In this experiment there is evidence of a smothering effect by the grass 
(ispecially in reducing the number of deep-lying tubers. This experiment was 
then discontinued. The control test diggings both on 24th August, 1922, 
and 6th December, 1922, were done on areas of the same surface size as the 
experimental cpiadrats and on ground near to them. These diggings indicate 
that the lavala although somewhat reduced was existing along with the hariali 
and. that it was vigorous. 
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The riu't tluittlu.1 liivnlii ffrow well sUoiig witlt the, hjinuli rna,y iia,v<', {xhoi 
iliUi t.<! the hid; tlisit the liiwn vvuh (tom[)anitivdy iiewiy tuiule with i)U[HuU!(! 
earth. 

Ill, another ijuadrat (Jl[) tlie .soil \va,s dug up to .six indies de.t'.j) and t.lie 
original lavala and hariali removed on 2‘lth August, 15)22. llisla grass \va,s 
planted on the same date in tlie plot along with 50 tubers of lavaJa. I'he 
gra.ss grew vigorously. Out of the 50 tub<>rs 20 had gernii-iiated by Oth 
Deeember, 15)22. 

In still another quadrat (IV) 50 tubers wi're planted in a plot pre})ari-d 
like Jfl by digging to six indies ileej), but no gra.ss was platii ed along with i he 
tubers on 2'tth August, 15)22. 42 out of the 50 gmaninated In (i1li Dee.ember, 
1922. Both these (piadrats were dug out on Ot.h Ajiril. 15)2;». 14ie following 
is the result - 


TAilOK XXV i I 


iSIkkUs 


Qiituh'iit ill 


The soil in tliese two quadrats had lieen recently ileposited aaul was 
underlaid by sand. Hori' the heda grass had lia.d a distinct elTeet on the 
vigour of growth of the lavala though it had by no nutans dievked it. 


Expcrmriil XXX JX, 

Plaitfinif luhcYH m Modi H<uj onmu/y.s-/ 

Oil 1 9th Se])te.mber, 1 922, eight inetre-ijuadrats were pr 
were sited in an unirrigated area already naturally infVsto 
100 heda stumps were planted in eaeli quadrat. Tin*, number < 
adjoining test digging were— 

Shoots 'Fir,st foot Second foot 

257 120 

The cpiadrats were watered twice a \ieek for about a .nioir 
there wa.s no irrigation. Table XXVIII shows the numbe 
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lavalti aii.fl uf living iieda stumps (at tlie time of . planting and on Novein- 
her 23,, .1922) ; — 

Table XXVIIL 


. No. . 

L.avala 

SUOOT.S 

Heda 

STUMPS 

Dates 

Dates 

19-9-22 

23-11-22 

19-9 22 

23 11- 22 

■ 1 ■ .. 

ISo 

258 

100 

8<i 

■ 2 ■ " ... 

270 

382 

100 

72 ■ 

‘j 

319 

438 

100 

45 

' 4' . . . ' ' ',, _ .'. 

2irj 

310 

100 

02 

5 . . 

263 

304 

100 

09 

(i 

320 

373 

100 

40 

7 . . 

277 

384 

100 

23 

8 

314 

81.3 

100 

'24 


The lieda stumps died, for want of irrigation and lavala. completely filled 
the quadrats. 

On 19th September, 1922, 500 heda stum])s were ])lanted in two small 
strips 8x2 and 6x2 ft. at right angles to one another near a small tank in 
Modi Bag. This grass thoroughly established itself. On J Ith October, 1922, 
36 lavala tubers were planted 20 in one arm and ,16 in the other arm of the 
L. They were planted at regular intervals at three inches deep. On 20th 
November, 1922, 47 lavala shoots were visible, 32 in the one arm and 15 in 
the other, and 525 heda stumps (342 and 183 respectively). 

One lavala plant from near the side of the grass plot was dug out. It was 
found that the original tuber had produced one shoot and a chain of three 
tubers, growing horizontally. The last two tubers were just outside the grass 
patch and were sprouting. On 10th July, 1923, the plot had 75 shoots of 
lavala (40 and 35) and the heda clumps were very dense. 

Both the strips were dug out in September, 1923, Avhen the soil was 
workable. The heda clumps were very dense and only (30 e,ud 20) 50 lavala 
shoots were seen on the surface. But of the original 56 tubers planted 
three inches deep only 35 were found to be sjnouting at that tinuL The 
others were (mipty. 

Th(^ rooting of the grass was not deeper than fi.ur inches. But chains 
of big tulu'rs were found beneath the six inches layer lying horizontal 
between six to twelve inches, sometimes coming out tlui covered area, and 
producing shoots. 106 .such, tubers were found. 


170 


THE ERADICATION OF CYPERHS ROTHNOUS L. 


Wo liavo kero a cloar iiidioation of tlio taoticH of t'lu^ Ifivala ])lanl; 
in competition with other plants. The lavala stnig^diss to ]uit up an a(n-ial 
connection, wherever possible. From tulxirs so con.uo(itetl il; siuxls olT 
droppers to layers unoccupied by the roots of the competing plants, tlunu^ 
it stores food material and from them or from the origirui.1 tubto-s it sends 
off horizontal rhizomes to explore for jdacos outside the (hmsc'. competing 
aerial cover where it may send up shoots more successfully. 


Experiment XL. 



Uiicroppcd half B -f 1) 


i'he sowing of jowar on the first area meant that half of it had to be 
lightly ploughed before sowing. 

Test diggings were taken throughout the experiment and these 
recorded in table showing the changes in the tuber populatimi. After the 
3 owar was harvested, the original area II containing the C and I) sul)- 
nlots was aeain thoroushlv and contimiouslv cultivated until the. fnllnwijur 


7. Experiments on the Effects of C'ultivalio}i and Cover (^roi)s. 

The field chosen for this experiment was on tin? (lovernnient Farm, 
Surat, and carried a crop of jowar from dune to Novmnber Test 

diggings of the usual dimensi<ms (.‘.ixdXd ft.) W(‘.r(‘ takim. Ix'liu-c the start 
of our experiment and showe<l a d(!nse tuber population. The plot was 
divided into two areas and the. first was left untreated, while the sei.mnd 
was submitted to tlui agricultural and cultural opcu'atious shown in 
table XXIX. These continued till August 1022, wlieu in (‘aeh area one 
half was sow.n with jowar and the other half left as a control. The following 
sketch will make the position clear. 


(!ri) i )p(‘d half A + 


Ploughed half II 


Unploughed half I 


Table XXIX. 

Combined Experiments at Surat on the Effect of Cultivation and a Cover Crop. 
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IY4 THE ERADICATION OP CYPERUS ROTUNDUS L. 

A, study of the Table XXIX along with its remarks column brings out tie 
following points. 

(1) In both areas the lavala had. a 
the rain, however, revived it considerab. 
cannot say that there was a very atriki 
had been ploughed in the preceding h' 
although, there is undoubtedly a redu( 
area ploughed. 

(2) The effect of the cover crop in 
tion, takeii against the control plot in its 
figures give a less tuber via 

(3) The cultivation in 
absolutely effective as 


both areas on reducing tuber prodiic- 
' s own area, is negligible. In fact the 
ability for the sub-plots without the cover crop, 
the second hot weather lias, however, been 
the figures amply show. dMie, untreated ari^a (botlvA 
and B) has a large tuber poi>ulation (not bu we vtu* anything like eijual to its 
first condition) with a large percentage of viable tubers, wlule the tivuted ari'a 
(Cand D) has not a single living tuber left. 

This is the most conclusive proof we could have of the value oi conlinuous 
thorough cultivation in the hot weather. It indicates also that the battle 
may not be won in the first hot weather cultivation but should be won hir 
certain if the same process is continued for a second hot weather after one rains 

All GXpetimoiit similar to tlie aliovc in wliicli only a harrow was workcii 
was carried out. Mere harrowing proved entirely iiiefiective as the deeper 
tubers were untouched. 

Experiment XLl. 

At Manjri near Poona in the vicinity of our sugar station we leased a 
nf land hadlv infested with lavala. This area was 300 by 200 ft. ;in size. 
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Effect of cover on Lamia Plan. 
Gover crop expcrimmt at Manffi. 

200’ South 


300 

East. 


Hi] di 

T4 


Plot I. 


T3 


T8 


T7 

oil 


T2 piotn. 


T5 


d 

M 

TI2 

. TI6 

1 piotm. 


d 

Til 

TI5 

EH 

EH 

m 

PlotJV, d 

TIO 

EH "" 

EH 

@ 

d 

piotv. EH 

T9 

TI3 

EH 

d 


West. 


Loni — -Manjri Road 


T. Test digging in the beginning of the experiiuent. 

Q. Quadrat area on which the Lavala and sann plants are counted once every fortnight. 

Plot I, II, III were under cover. Plot IV control untreated. V control ploughed once. 

Treatment. 

Plots I, 11 and III were ploughed in June 1923 by an iron plough. The 
rains were late. Sann hemp was sown at the rate of 30 lb. per plot of 160 by 
100 ft. in July 1923. Prom August 1, weekly observations were taken to 
gtit some idea of the growth of the sann hemp and of the lavala. For this 
purpose five fixed quadrats were laid out (labelled Q1 to Q5) in each plot. 
'Pile number of lavala shoots and sann hemp plants was counted in each 
quadrat. On September 4 and 5 irrigation was given as the sann was gro^ying 
jjoorly, especially near the middle of plot I. Six additional quadiats were 

C) 
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also laid (minn dense saiiu growth oil. Septeiiiher lo and (roiiut<^<l <ni<'e. Tlie 
sann iKmiji was cut and ploughed in on Oidiohcr 8, 11)26. 

Plate V.TJI (!) slioWiS the phuighing ill iirogress. I'lie; hunch ol sann iiernp 
lield by tlie woman indicates the growth of the. cover crop, Plate Vi.1.1. (2) 
shows the lavala among the cut sann hemp. Such shoots iiad etiolat.ed leaves 
from 8 to 12 inches long. 

The total ainoiuit of sann hemp Iniried for jilots f, il and 111 taken 
together wa.s 5,700 lb. 

Table XXX shows the results of the countings on the. quadrats. 

Tahle XXX. 

Table of n,verage.H. 


Plot No. 

Avora.ge No. of 
laviila shoots jicr 
(piadrat 

Average No. of 
sann .slmots i>er 
quadrat 

Average lieight 
of saim (ft,) 

l.’roduct of last two 
columns 

1 

153-8 

' 133-2 

3 . 

399-0 

11 

90-0 

! lOPo 

2 

208-0 

in 

110-2 

104-2 I 

3-0 

574-7 

IV 

173-0 

1 Not ])loughod, no 

sann hemp 


V 

17-2 

I Plougiied, no Hann hemp 



Points to note : — 

Where sann hemp is poor in growth lavala makes headway. 

Plougliing and exposure by itself (plot V) has lieen more effective as to 
ffkoot reduction tiian sann liemp sowing. 

The imtreated plot TV was by far the worst. 

When wo come to consider tuber reduction, however, the sann hemp 
Table XXX(a). 


treatment • Tahh 


Table XXX(a). 
and jiloufjidnfi on tuber populafdon, 

- Vpibts I, TT and III taken to^ilior (average of fifteen test digglng.s) 


\ - ■.BnfoTcy'fcreatmentr ' .. .. 

• -After trbatinent- . . 

Plot IV (nndistiirkcd control) average of five tost diggings 
At start of experiment , . 

At end of experiment ,. . . 

Plot V. (Ploughed control) average of live test diggings 
Before treatment . . . . 

At end of experiment 


N umber of tubers 
in :} X 3 X 3 ft. 
241 a.ll sound 
KiO of which ‘U) 
were dead 

Sol all sound 
007 id I sound 

158 all .sound 
228 all .sound. 


Ploughing and exposure in this case has not rculucod the tiilxu’ population. 
The reason is that the exposure occurred in the rainy sea,soip 


FLAl t: Vlll. 





Ploughing in progress. The bunch of sann hemp held by the woman 
indicates the growth of the cover crop. 


2. Lavala among the cut sann hemp. 
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V. General Conclusions. 

Hundreds of f)t]ier opportunities could be suggested. Almost miy 
in.S(M't 01 plant diseasii tliat is limited to a siugb^ host or presents a 
vulnerable point in its life history extending through a sufficiently 
long period of time to give the possibility of control may he 
considered as a possible candidate for eradication whenever a 
scientific investigation has progressed to such a point as to give the 
tools necessary for its accomplishment.’' 

The above {Quotation can with equal truth be applied to weeds, ami we 
propose .now to examine how far the scientific investigations recorded in the 
preceding jiages have provided the tools necessary for the eradication of the 
lavala weed. 

The lavala weed, we have seen, is cosmopolitan in ivarm countries and is a 
weed of cultivation, particularly of irrigated fields. Salt and inundation 
destroy it, but as salt is injurious to other plants and inundation is important 
only in rice fields, these two metliods of control can be left out of account at 
present. 

The first important contribution to our equipme.nt for eradication is the 
better understanding of the structure and life history of this weed. Let us 
briefly go over the main points e,stablished. 

J he plant a.s it occurs in the field i.s a colony of many tubers connected, 
by underground rhizomes and distributed throughout tlie first three feet of 
soil. On the surface are its aerial shoots wdiose number bears no necessary 
relation to the nuniber of .subterranean tubens. Throughout the year and 
particularly in July and. October, flowers are produced which result in the 
production of .small fruit (“ seeds”). The viability of these is exceedingly 
variable, from one to eighty per cent, according to circumstances. The 
number of .seeds produced, however, is so enormous (calculated at fifty- 
four million seeds per acre), that even with a small germination jiercentage, 
seed, production will obviou.sly be an eft’ective means of reproduction. 

The preveni’ion op .seed production i,s therepo,re op 
importance. 

i nc, giuinination of the seed and development of the seedling have been 
studuHl. In tins plant we have an extreme example of the geophilous habit, 

- iU‘M‘an‘h Work ol fcii« .Departineiit of Agriculture, by E. D. Ball, Director of Scientilie 
Woriv, U. S. Deijartmeut of Agrioulture, in the Chemical Aye, article copied in full in the 
Amn-kan Fertilber, ,f:i.n. '2i>, 1934, pp. (12-08, 
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whereby' a j)laut i miner I lately after establishing its first aerial eoimoetion 
devotes all its energy to producing a subterranea,n tuber or tuixM'-system, 
to tiscape elinia.tic ehanges above ground. In the ea.sr' of liolih simmI a,nd 
tuber germination aaul development we have found tlia,t iinh'sn (hr nvrd or 
tnhcr am rstoblish an rwrial connection it cannot produce a toher or tnhcr~<riif<tcnt. 
The next iiulication of importance therefru’e, is — 

Germinating seeds or tubers must be rREVENTEi) from 

ESTABLISHING AN AERIAL CONNEr^TlON. 
if a seed or a tuber succeeds in establishing tiiis aerial connection we 
find that it develops a “ basal bulb ” at the |)lace wlune tlu'. aerial lea.ves join 
the stem and from this bulb in the case of the seedling or tuber~jda,nt, and 
from the parent tuber as well, in the case of the lattm', new liiizoines are then 
developed. In the seedling these rhizomes produci^ tnlau's, whih'i in fh<^ case 
of the tuber plant tliey may form new aeria.! shoots as well as tubers. Jn 
many eases these uc.w rhizoni(‘s a, re, of tlu', natnn*. of “■ droppm's.” tliat is, 
positively geotro])ic rhizomes whose business it is to penetrate still deeper 
into the soil and tlu're e.stablisli new bases more protected than the shallow- 
lying tubers. These tubers may in turn give rise, to more rhizomes, and we 
soon hav(i a tuber eoloiiy of considerable size. 

ddve eradication of an estal)lishe,d lavala colony is tliercfore a matter of 
very great diflicnlty. In the first place, in normal circumsta.nces, all the 
tubers' are viable. Drought may kill the superficially place, d tubers, but the 
more deeply placed ones -survive. ' Ordinary weeding toiu’hes only the verv 
top tubers and normal jiloughiug and harrowing deals with the top foot of soil 
at the most. How then arc we to deal with a thoroughl}’ established colony ? 

Obviously, badly infested land must be cleared at all costs 

ANT) THEN KEPT PROM FURTHER iNFlun'TON. 


The first step is the clearing. 

In this connection we have studied the various methods for killing tubers, 
it has been found that although tubers can be found at three feet dee]) in the 
soil in a tuber system, isolated tubers buried at that depth or at 2.1 ft. 
deep msiially cannot produce a shoot that will reach the surface. 

We THEREFORE GET SOME HOPE THAT, IF ALl. SUPERFICIALLY PLACED 
TUBERS CAN BE DESTROYED, AT J/EAST SOME OF THE JUOEPLY PLACED TlTHlCRS 
WILL NOT BE ABLE TO PRODUCE SHOOTS WHICH WILL REAI'H THE SURFA<!E. 

Again, theoretically, one would expect that th<; re.[)eat<>d removal of the 
aerial parts Avould result in the exhaustion of the reserve material in the tuber, 
in the case of isolated tubers this has been found ])0ssible, thongli even then tJie 
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resistance of the tuber to tJiis de})letioii of its reserves is great. In a tuber- 
system the ])rocess of exhaustion, while undoubtedly taking ])lace, is very 
much retarded by the fact tliat one is only dealing witli. a small proportio]i 
of the tubers and that the others are meanwhile either replenishing the tubers 
whose aerial parts are being attacked, or are themselves producing new aerial 
parts, Alltliesainethereisnodoubtthat—- 

RkPEATKD REMOVAL OF THE AERIAL FARTS AT SHORT INTER VAl.S FINALLY 
EXHAUSTS THE RESERVE MATERIAL OF THE TUBERS, which being translated 
into terms of practical agriculture means that we must be always weeding. 

Tins mention of weeding brings us at once to the methods v)f rveeding 
and to the consideration of their relative efficiency. Our experiments indicate 
that the least efficient is the method of the kkurpi wliereby merely the surface 
tuft of leaves is removed and the basal bulb (containing the growing point) 
ivS left undisturbed. Weeding which tears up this basal bulb is much more 
eliective, but is at the same time only possible by a liand im])lement and at 
the expense of much time. Planet Junior Hoe weeding nevi'r completely 
cleared the ground although carried on for many months. 

It is APPARENT THAT BY ITSELF THE WEEDING OF THE SURFAUJi: SHOOTS 
IS A VERY SliOW AND UNCERTAIN MEANS OF REDUCING THE TITHER POPU- 
LATION. 

A more direct attack on the tubers was, therefore, necessary. The best 
method tried was the exposure of tubers to the sun’s heat. The results so got 
were confirmed by laboratory experiments. Tlie tubers are very resistant to 
mere oven-drying, but sunlight and sun-heat ai-e atit effectiA'e agents. '^Fhe 
most hoj)eful sign we have got in the whoh‘ rcseaivli is that— 

TuIJKRS EXl’OSEI) ON THE SURFACE OF DRV SOIL OR NO'I' DEEPER THAN 
THREE JNCHES IN DRY SOIL ARE KILLEI) IN EIGHT DAYS, IF EXPOSURE TAKES 
PLA(JE JN THE HOT WEATHER. 

This indicates to us, therefore, that we must devise methods for biinging 
to the surface the maximum uiimher of tubers for the maximum length of time 
at the hottest part of the year. The practical success of this method was 
clearly shown in the Surat ploughing experiment (Pages T7i — 173) Avhere 
every tuber in the test diggings was dead. 

Another methods of dealing with the tubers was cover of wirioiis kinds. 
It was fouml that matting and iron sheets were not eliective and Pabco Aluleli 
(a paper covering) entirely ineffective. Covering to a deptli of several feet by 
grass or cotton stubble was effective but can hardly be regarded as feasible over 
large areas. The effects of a cover crop of jovuw were negligible, but mii'n 
keinj) distinctly reduced the tuber ■population. In all experimouts, hoAvover, 
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tlio paraniouTit importance of cultivation and particularly of contiiiiious hot 
weather cultivation makes itself strikingly evident. 

In fine, tlie results reduce tliemselves to this— 

Tpra WJSRI) must be attacked immediately after 'J’OE rains as soon 
AS the soil is woricable. The process should include deep plouching 

AND A SUBSEQUENT PULVERISATION AND TURNING OVER AND OVER OF ^riTE 
BROKEN SOIL IN ORDER TO EXPOSE AS MANY TUBERS AS POSSIBLE TO THE SUN. 

If THE LAND IS NOT WANTED FOR A CROP IN THE FOLLO WING RAI NS THEN 
A TiHCK GREEN MANURE CROP SHOULD BE GROAVN AND PLOUGHED IN EARLY, 
FOJjLOWTNG up by a second dry season’s CONTINUOUS CULTIVATION. ThE 
LAND SHOULD THEN BE CLEAR OF WEED. 

If THE LAND IS WANTED FOR A RAINS CROP, THE CR01> SHOULD BE SOWN 
SO THAT INTERGULTIVATION CAN BE CONTINUOUSLY PRACTISED TO KEEP DOWN 
I’H E LAVA LA SHOOTS AND PREVENT THE ESTABLISHMENT OF THAT AERIAL CONNEC- 
TION WITHOUT AVHICH TUBER FORMATION IS IMPOSSIBLE. A SECOND DRY 
season’s cultivation should then reduce the weed, and A THIRD 

season’s work kill it. 

Tliereafter, there should be no difficulty in keeping the clean land from 
further infection. 
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APPENDIX 

Ingctbator experiment. 

Table XXXI. 

Experiment of heeding the tubers mjniper dishes in an incubator at a. constant 
temperature of 93'2°F. (3PC.). 

Date of heading, lOth August, 

Table of weights (grammes). 



Duration uj*’ it bating 

.. t . 

10 

20 

30 

1 

, 3 , 


Minutes 

Mnutes 

Minutes 

Hour 

Jrl'ours 

Wekht of 10 tubers before heat- 






iiig 

9-25 

8-01 

10-742 

8-272 

8-072 

Weight of 10 tubers after heat- 






ing 

S-S8 

7*80 

10-380 

8-000 

7-700 

Loss in weight . . 

-0d{7 

-0-21 

-0*302 

-0-272 

-0-312 

Percentage of loss in weight 

-4'00 

-2-02 

-3-400 

-3-300 

,-3-800 


Placed in : 

1 . wet soil for 24 hours 


Weight after absorption of water . . 

})-!Do 

8-481 

11-350 

8-05 

8-390 

Change in original weight 

-!-0-()().5 

+U-471 

+0-008 

+0-37 

+0-318 

Change hi heated weight 






Date of planting in soil two 






inches deep and watered 


j lOtti August, 1921 


Observations regarding gerniination 

Began 

. to genninale from 20th August, 

1921 

No. of tubers gerniinated 

U 

S 

8 

9 

7 

Percentage of germination 

90 

80 

SO 

90 

70 
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Incubator exfebimknt. 

TabljsXXXII. 

Experiment of heaUwj the tubers in paper dishes in an ineahaior ai a rons(<()it 
temp(untm‘e of 

Date of hmtiny,Uh A ugust, 1921 . 

Table of weiglits (granuues). 


. .1 


CUKA'tlOK Olf Ht5.Vl 

.'ING 



10 

20 

MO 

■ 1 ' 

2 


Minutes 

Minutes 

Minutes 

Hcjur 

■Hours 

Wei^tht ol .10 tvibcru bctove heat- 
ing . . . . ... 

0-74 

10*90 

0*94 

8*640 

9*57 

Weight of .10 tubers after heat- 

. ing .. . .. 

9-4d 

lO-OS 

9*7S 

8*355 

8*33 

Loss :lu weight 

-0-2f) 

■ -0*28 

~0*10 

--(,►•285 

■-1*24, 

Percentage of loss in weight 

-2'90 

-2*50 

-1*60 

-3*290 

-12*90 

Placed ii 

!i a Avet blotting paper 

for 24 houi't 



Weight after absorption of water . . 

1 

■ S-40 

11*045 

11*195 

8*895 

10*00 

Change in original weight 

- 1*34 

+0*685 

+ 1*250 

+0*255 

+ 0*43 

Change in heated weight 






•Date of ]jlanting in soil two 
inehes fieeji and watered 


16th 

August, 19 

21 


Observations regarding germination 

Began 

i to gerraiuato from 20th xlugust, 

1921 

No. of tubers germinated . , 

0 

7 

6 

7 

6 

Percentage of gerinination 

0 

70 

60 

70 

60 


These 
tubers had 
failed to 
regain the 
woi g h t 
lost 
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Incubator EXPERIMENT. 

Table XXXITI. 

Experiment of heating the tubers in -paper dishes in an incubator at a constant 
temperature of I04°F. (40°C.)- 

Date of heating, ith August, 1921. 

Table of weights (grammes). 




DuKATION op JUliA'JMJS'C; 



10 

20 

90 

1 




Minutes 

Minutes 

Minutes 

Hour 

Hours 

iVeight of 10 tubers before 
ing 

heat- 

10-045 

9-991 

9-7r>0 

9-82 ' 

IU'()70 

Weight of 10 tubers after 
ing ■ 

heat- 

0-7o0 

9-702 

9-527 

9-53 

9-352 

Loss in weight , . 


-0-29o 

-0-289 

-0-22:} 

-0-29 

•-1'318 

Percentage of loss in weight 


-2-090 

-2-900 

--2-2S0 

1 

-2-90 

‘-12-S00 


Placed in wet blotting paper for 24 iioiirs 


Weight after absorption of water , . 

10-428 

12-208 

10-003 

10-420 

10-870 

Change in original weight — 

-1-0-38:1 

+2-217 

+0-253 

-f 0-000 

+0-200 

Change in hea ted weight . . 

+0-078 

•f 2-50(5 

+0-470 

40-89(5 

+ 1-524 

Date of planting in soil two ineiies 






deep and watered . . 


nth 

. August, 1921 


Observation regarding gennination 

Began to germinate from 20th August, 

1921 

No. of tubers germinated 

9 

7 

0 

9 

7 : 

Percentage of germination 

90 

70 

00 ■ 

90 

70 
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iNCUimm EXIVlHnMENT. 

Table XXXTV. 

Exp(winieni of heating the luherfi in paper dishes in an ineuhator at a constant 
temperature of (43°C.). 

Date, of heating, Hrd August, 1923. 

Table of weights (grammes). 



Dtjeatiok oir ii-UAxiira 


10 

20 . I 

30 i 

1 

'■ 1 



Mintites 

Alinutt’s 

Alinutes 

Hour 

Hum’s 

Wei<;kt of 10 tukei’K kefore Ivoat- 
ing .. 

10’4r. 

9*580 

10*642 

i 

9*750 ^ 

8*950 

Weight of 10 tvihers after heat- 
ing 

10*16 

0*372 

iO'295 

9*457 ! 

8*617 

Loss in weigixt 

— 0-21) 

-0*208 

-0*347 

-0*293 

-0*353 

I’ereontagc of loss in weight 

-2*77 

-2*100 

i 

--^3*2(]0 

-3*006 i 

-3*800 


l^lacccl in wet Llettiiig paper for 24 liours 


Weight after absorption of n-aler . . 

10*76 

10*506 

10*980 

9*330 

10*400 

Change in original weight 

+0*31 1 

+0*926 

+0*338 

+0*420 i 

+ 1*540 

Change in lieatecl weight 

Date of planting in soil two inebea 

4-0*60 

-hi -134 , 

+0*685 i 

i 

-h 0*127 

+ 1*773 

deep and ■watered , . . . 


10th, August, 1923 


Observation regarding germination 

Eegau 

. to germinate from 20th August, 

1923 

No. of tubers germinated 

8 

8 

3 

7 

8 

Percentage of germination 

80 ! 

..i 

SO 

30 

70 

SO 




tlAHADE AND BURNS 185 

Incubator expneiment. 

Table XXXY. 

E.cparmani of heatimj the tubers in fa-per dishes in an incabalor at a, constant 
temperature of 112*8°F. (4G°0.). 

Date of heatiny, 2nd August, 192 1, 

Table of weiglits (granimos). 



DUK.V3.MON OF nKAa’ING 


10 

20 

30 

1 

2 


Minutes 

Minutes 

Minutes 

Hour 

Jluui's 

Weight ol' 10 tubers before lioat- 
iiig .. .. 

7-170 

S-240 ' 

9-802 

G-2U7 

7-G 

Weis'ht of 10 tubers after heat- 
ing 

G-024 

7-540 

8-G50 

5-!)24 

7‘2 

Loss In woigivt . . 

-0-24(> 

--o-7or> 

-1-152 

-0-2S3 

-0-4 

PcrcciitUige of loss in weight 

-:T400 

-8-500 

-11-800 

— 4:-500 

-5-2 

Placed in a 

wet blotting paper for 24 hous’s 


Weight after absorption of water . . 

7-5t50 

8-GOO 

9-380 

0-710 

7-7(i 

Change iii original weight 

+0-390 

+0-355 

-0-422 

+ 0-503 

+0-10 

Change in heated weight 

+ 0-<)3(5 

+ 1-0G0 

+0-730 

+0-780 

-f0-5p 

Date of jjlanting in soil two inches 
deep and watered 


9th 

Vug list, 192 

1 


Observations regarding germination 

Began to germinate by 20th August, 1921 

No. of tuber germinated 

0 

8 

7 

10 

8 

Pei'cenbige of gei'mination 

00 

SO 

70 

100 

80 
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liVOlTlUTOR liLXFEliUMBNT. 

Tablk XXXVL 

Experimr^nt of heating tfi<Uubtirs in paptr an ineahator at a mnxtant 

temperature of riO°F. (49'HJ.), 

Date of heatmg, 6th AuguHt, .1.92! , 

Table of weiglite (grainmeB). 




D-UKATION 01’ heating 



10 

20 

SO 

■' . 1" ' 



Minutes 

Minutes ' 

Minutes 

Hour 

Hours 

Weight of 10 tuhcrs before iieat- 




1 


ing .. .. . .... 

Weight of 10 tvibei’d after heat- 

l)-47 

10-07 

9-570 

' 9-128 

10-450 

ing .... 

!)-20 

10-40 

9-255 

8-820 

9-970 

]^ 08 s in weigi)! . . . . 

— -0-27 

~-0-27 

-0-315 

-0-308 ' j 

-0-480 

Percentage of loss in -weight • . . 

-290 

~-2-jj0 

- 3-300 

.--3-300 

- 4-690 


Placed in a wet. blotting paper .for 24 h- 

ours 

Weight after ateorirtion of water . . 

10-i.in 

11-505 

9’ 880 

8-980 

10-72 

Change in original weight 

-fO-(58i> 

-1- 0-925 

-1- 0-310 

~0-t48 

-H>-27 

Change in heated weight 

Date of ijlanting in soil t-\vo ijiohea 

-h0*05o 

j- 1-195 

. +0-425 

-0-160 

+0-75 

deep and watered .. ’ . . 


12th .August, 19S 

!1 


Observations regarding gerniinatiou 

Bega: 

n to germinate from 20th xAugust, 

1021 

No. of tubens genninated 

10 

9 

8 

8 

.. 7 ■ 

rercentago of germi natio n 

100 


. 80 

80 

70 
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Incubator EXPERIMENT. 

Table XXXVII. 

livperiiihent of healing the. tubers in paper dishes in an incubator at a oonstaut 
temperature of 112-8°F. {4t)°0.). 

Date of heating, '‘ind August, 1921. 

Table of weights (grammes). 



I)aKAT£ONOl.’ HEATINOt (UOOKS) 



'4 

0 

'0 ■ i 

i ' 7 

eight; of 10 tubers before heat- 
ing 


7-mr) 

7-098 

(i-(i7o 

7-07.7 

Weight of 10 tubers after heating . . 

l!-790 

o-7r.() 

fi-iSoa 

()-01o 

t)-000 

Loss in weight . . . . 

-O-Slii 1 

— OS'loa 

-0-743 

— 0-()(i0 

-1-015 

Ihu’ceiitage of loss in weight 

UV710 

- 4-990 

~9-79() 

-9-890 

14- 340 


Placed ill a wet blotting paper for 24 hours 


W'eight after absorption of water . . 

7-205 

7-145 

7-3S5 

0-3S4 

0-G05 

Change in original weight . . 

- 0-340 

0-040 

- 0-213 

- 0-291 

~ 0-470 

Change in heated weight 

H- 0-475 

-1-0-.395 

f 0-530 

+0-309 

+ 0-54.5 

Date of planting in soil two inches 






deep and watered . . 


Kith August, 

1921 


Observations regarding gern)inii.tion 

Began to germinate from 20th August, 

1921 

No. of tuhei's germinated 

4 

0 

2 

1 

1 

Percentage of germination 

40 

0 

20 

10 

10 
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Loss ii\ Aveiglit 




0-4 00 -i(i\sno 


-l-rooo 
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Weight of 10 tubers heforo licat- 


Weight of 10 tubers after heat- 


Percentage of loss in ' 


8-028 ^10-‘M0 


-7-7^10 -7-^flO 


Phuicd in a. rvefc blotting papoj' for 24- hours 


Weight after a.bsorption of water , . 

Change in original weight 

Change in heated weight 

Date of planting in soil two inches 
dee]i and watered . . 


Observation regarding germination 


No. of tubers germinated 
Percentage of germination 


fO-220 -1-0-117 -O'llS +0-072 
f 0-800 +0-70:i +0-941 +0-811 


10th August, 1921 


Regan to gcrmhiato from 20th AugUvSt, 


Incubator experiment. 


Table XXXVIII. 

Experiment of heating the tubers in dishes in an incubator at a constant 
temperature of 120^ F, {4:9°G.). 

Date of heating, llth August, 1921. 

Table of weights (grammes). 


DLn{ATio;si ophuatiku (houks) 
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Ingubator. experiment,. 

Table XXXIX. 

ha/penmeni of hefdmg the tuhefs in pxi'per dishes in cm inonhator at a constant 
tempcrat'me of {40°C.). 

A. Tubers placed in paper dishes without earth. 

Date of starting, 20t}i March, 1923. 


Table of weights (grammes), 




Duration oir 

HKATING (.TlOirns) 


3 

7 

S 

14 


I A 

11 A 

HI A 

IV A 

\Veiglit of 10 i, idler, s before heating . . 

19 -513 

15-540 

15-325 

15-335 

Weight of 10 tubers after Iieating . . 

15-900 

10-210 

9-010 

8-780 

]jOS,s in weight 

-3-015 

-5-325 

-5-715 

-7-555'. 

Pereeidage of lo.ss in weiglit 

— l.S-520 

—34-200 

-37-290 

-49-200 


Pla.ced in a. wet blotting paper for 24 hours 

Date 

23-3-23 

27-3-23 

28-3-23 

4-4-23 

Weight after alvsorption of water 

lS-130 

12-42 

12-200 

10-800 

tifiange in original weight 

-1-385 

-3*12 

-3-125 

-4-535 

(ihange in healed weight 

Date of pilanting in soil two inches 

+2-230 

+ 2-21 

+2-590 

+ 20-2()0 

deep and watered 

24-3-23 

28-3-23 

29-3-23 

5-4-23 


OLsovvaiioiis regarding germ inat inn Some germinated by 2!)th March, 1923. romainins 


observed till 2n(l July, 1923. 


No. of tubers germinated 

9. 

7 

S 

0. 

1’creenia.ge of gerniina.tion .. | 

' '90 I 

70 

80 , ' 

Oj 



Loss! iu M'eiglit 
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Incubator EXPERIMENT. 

. Table XL. 

Experiment of hmting the tubers in pamper dishes in an ineuhutor at a constant 
teni 2 :)erahire of 104°^. {iQ°C.). 

B. Tubers BURIED IN DRY earth. 

Ten tubers are placed in apapjer dish each heated for a definite t'lnic. 
Date of starling. 20th March, 1923. 

Table of "weiglits (grammes). 


DoTIATION oxr IltiATtSd (DAVh) 


Weight of 10 tuhers before heating 
Weight of 10 tabors after Heating 


Percentage of loss in weiglit 


Weight after absorption of xvater 
Change in original weight 


Change in heated weight 


Date of planting in soil two inehe.s 
deep and n'atored daily 


(.)bserv.ntion.s regarding germination 


Pliieed in a wet blotting paper for hmiis 


Some germinated by 2!)th M'areh, 102:1, i 
oHserved till 2iid Jnlv, lO'l;*. 


No. of tuber.s germinated 
Percentage of germination 
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rantade and btjbns 

Incubator experiment. 

Table XLI. 

Experiment of heating the tubers in mr)er • • r 

smperature of 104®J’. ( 40®0 ) 

A. In paper dishes without earth. 

Date of Muy, 5th Afril, im. 

Tahle of weights (grammes). 

I '' ' — ■ • ■ ' — — ■ : 

BuKAfl OK OF HBATJKC -.■ Ip g^YS IxV ALL CAtiXiS 

Weight of 10 tubers before heating. 

Weight of 10 tubers after heating . 

Loss ill weight 
I.’ertjentage of loss in \reiglit 
Avera.ge .. .. 



Weight after ab.S(;)rptiun of water 

Change in original weight 

Change in heated weight , . 

Date of planting in soil two inches 
deep and watered daily 

Oh.servations regarding germination 


No. of tubers germinated 
I’ercentago of germination 


Placed lu a blotting paper for 24 hours on 
20th A]>ril, 192.‘J. 


(>•03 

7-73 

. 7-32 

-3-87 

-309 

-4-88 

+0’i33 

+0-84 

. 

-fO-22 


21st April, 

1923 

OJ«»rv«l till 2 a, 1 July. 1923 . 

on Lst May, 1923. 

0 

0 

1 

0 

0 

10 


7;52 

-3-08 

+0-74 
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Incubator experiment. 

Table XLIL 

Experiment of heating tubers in paper dishes in an incubator at a constant 
temperature of (40°C.). 

B. Tubers buried in dry earth. 

Bate of starting, bth April, 1923, 

Table of weights (grammes). 



Dubation 

01? IIEATISO — 

- 15 DAYS IN AT.L 

CASES 


IB 

11 B 1 

111 B 

.IV B 

Weight of 10 tubers before heating 

lO-ol 

10-70 

10-30 

9-78 

Weight of 10 tubers after heatmg 

0-30 

5-92 

0-24 

5-90 

Loss itt weight .. 

-4-21 

-4-78 

-4-12 , 

-3-88 

Percentage of loss in Aveiglit 

-40-05 

-44-70 

-39-77 

39-69 

Average . . 


41-03S 




Placed in a 

wet blotting paper for 24 hours 
20th April, 1923. 

on 

Weight after absorption of water 

1 

7-00 

0-30 

0-71 

0-30 

Change in original weight 

- 3-51 

- 4-40 

- 3*65 

- 3*48 

Change in heated weight 

.. +0-70 

-1-0-38 

+0-47 

fO-40 


Date of planting in soil two inches 1 

deep and watered .. 21st April, 1923. 

Ohservation regarding germination Observed till 2n(l July, 1923. No genniaatiun 

0 0 

0 0 


No. of tubers germinated 
Percentage of germination 


0 



STUDIES IN DISEASES OF THE JUTE PLANT. 


(2) MAGROPHOMA CORCHORI SAW. 


BY 

F. J. F. SHAW, D.Sr. (LonJ), A.K.O.S., F.L.S 
Second Imfcrial Mycologict, 

[Received for pubHeation on 17th April, 1 1024] 

In’ Eastern Bengal and Biliar, the jute plant {Corchorus cwpFtularis) 
is sometimes attacked by a stem rot. The disease generally attacks tlie stem 
about the ground level or slightly higlier, and in the early .stages produce.s 
a pale reddish brown discoloration. This gradually darkens and spreads up 
and round the stem until the wliole plant withers. Sporadic cases of this 
stem rot can be found in almost every field of jute, but it is only under certain 
conditions of cultivation that the disease becomes epidemic. 

The disease may attack jute at any stage of its growth and occurs on both 
Corchorus crqjsularis and 0. olUorius. Very young seedlings, about 2 in. high, 
die with the symptoms of “ damping oil',’’ the hypocotyl becoming soft and 
completely rotted. In such specimens an abundant mycelium is found growing 
in the tissues of the young stem. On more mature plants the mycelial growth 
is accompanied by a copious formation of small black sclerotia in the interior 
of the stem among the bast fibres, and by the development of pycnidia which 
are vi.sible as small black dots just below the cuticle. 

The fungus 

E.Kamination of a diseased stem shows that the fungus consists of brownish 
coloiu’cd hypluB and dark black sclerotia. Both liyphse and sclerotia occur 
int(u-mingled with the bast fibres. On the .surface of the stem a number of 
minute black pycnidia can be seen. These pycnidia bear a close resemblance 
( 193 ) 
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to tl.K'i solerotia but. can be diRtinguisbcd by the prescMU.Hj of an ostioliuo and by 
more regularly Sfdierioal oiitline. At first sight tin.; {)ycnidia and sjioriis 
roH(‘!iible those of DiflotUa GoirJiori Sydd in an ininial.iirc stage. The |)ye}ii<lii' 
liowever are generally smaller than those of D. Oorchori Syd., and the s[)ori‘S 
slightly in shape and. in their proportions Ironi the immatur(‘, spores of 
CJorehon Syd. The spore measurements are within the limits l.r)-32/x 
X 5-10/a and generally the width is about of the length (cf. D. Comhori 20-2r)/x 
lO-lS/x). Spores are unicellular hyaline and oval, sometimes slightly bent. 
Pyenirlia are roughly circular in outline usually about 1,00-200/1. in diameter, but 
some; reach 260/x in diameter. The morphological characters of the, fungus 
agree clorely with those of a parasite of jute described recently by Sawada^ in 
Jn,pan and identified by him as MaGropliomi Oorchori Saw. nov. S])(h*.., and a 
coinparison of material from [jidia and Japan in both countrit^s has confirmed 
blie identity of the fungus with Jf. Oorc/mri Saw. 

The fungus was first obtained in culture l:>y picking out a sniidl picct*. of 
bast fibre, bearing sclerotia, froiu a diseased stem and placing it on the surface 
agar slant. The fungus grew ra])idly and })ure c\dtur(is were 
On glucose agar the fungus jjro<iuces a grejdsli, white 
mycelium and small black sclerotia within the matrix. Fertile ]>ycuidiu with 
spores have never been o])tained in artificial culture on any media. 'Fhey 
to occur only on the living jute plant. Cultures on sterilisetf dead 
! stems, and on decoctions of jute stems, all failed to produce pycnidia, nor 
the pycukliiim ever been found on. any of the other liosts (e.g., cotton, 
potato) on which this fungus is parasitic. Tlie sclerotia resemble clos<dy the 
rtile pycnidia but are solid structures of less regular outline aii<l of course 
lack the osfcioliim. On the jute plant they arc circular or oval in form and 
measure from 50/t“115/i in diameter. In culture they are sometimes much 
larger, reaching 168 /a ; such large sclerotia a.ppear to result from the coalescence 
of several sclerotia. 

Inoculations. 

(1) Owing to the absence of pycnidia in cultures the connection of the 
pyenidium with the sclerotia and hyplite was not at first suspected. In 
September 1917, six large jute plants on Pusa .Farm, each about 8-10 feet high, 
were infected from a pure culture on glucose agar. Each plant was wouTided 

P,, etButlcv, E. .T. Fungi .Indite OrioiitalLs, Pii.ra. V. Anmlefi Mymlogki, 
196. Shaw, F. ,T. F. Diplodia Oorcfiori Syd. Jlem. Dept. Agri. India, 
lo. 2, 1921. 

Hi. Govt, of Formosa Dull 107, Nnv. 1910 {JiiparKwe). Mipohgia, 
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by making a sJiglit tangential cut on tlie stem surface at the jjoint of infection. 
Tlio infections were tied up with cloth. All the infections siiccoKided and a 
light lirown discoloration spread up and down and round the stein, gradually 
darkening. The plants all withered and died with a cojuous development of 
sclerotia in the tissues and pycnidia at the surface. The pymiidia and spores 
were in agreement with those described above and the measurements of spores 
were within the limits 16-27/j. x 6-8/a. The pycnidia were l(i0-200ju, in 
diameter. 

Tlie presence of this pycnidium led to a fresh examination of the jute 
stem from which the culture used in the inoculation, had originally been isolated. 
f[ei‘i' also pycnidia and spores were found similar to those develojK'.d <,)n the 
infected plants. The spore measurements in this case were \^■ithin the limits 
17-29/a X 6-8/a and the pycnidia were 120-200/a in diameter, 

(2) In !91S a fresh isolation was made from sclerotia on a tiiseased jnte 
plant on the Dacca Farm. This culture gave a normal growth of liyphfe and 
sclerotia, and from it four jute plants were infected on tlie Pusa .Farm as in the 
previous experiment. Three of the infected plants died with typical synpitoms 
of the disease and an abundant formation of pycnidia on the surface of the 
stem and of sclerotia and hyphm in the interior. The pycnidia and spores 
were of the same size and sliape as in the last experiment. The spore measure- 
ments were 16-24/a x 7-8/a. 

From these infected plants spores were obtained in sterile water and jdatcrl 
on. glucose agar. Single spores were then jiicked out, as soon as the agar liad 
sc.t, and transferred to glucose agar slants. In some jilates the spores were 
left for 12 Ixnirs and then transferred to slants after they had germinated. In 
all cases pure cultures from single sporcvS produced hyph® and sclerotia — 
pyctiiflia and spores W'^ere never developed in culture. 

Sclerotia were then picked out of one of the infected plants, washed in 
sterile water and plated on agar. From a plate single sclerotia dvere infected 
on glucose agar slants and some plates were left for the sclerotia to germinate. 
In all cases cultures precisely similar to those isolated from spores wore 
obtained. 

It follows from this that the pycnidium is a part of the sclerotia] .fungus 
and is an asexual sp(.)re stage of the same. An attempt was then made to 
isolate the fungus from spores and sclerotia obtained from one of the plants 
infected in 1917 (l^xperiment 1), The spores, however, failed to germinate but 
sclerotia germinated and gave normal cultures. 

A further p.roof of the genetic connection between the sclei'otia u,n.d 
pycnidia was afforded by a number of diseased plants collected from the 
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Dacca Farm. Among ten diseased plants, wliicli all showed nunun'uus stjlt'.rotia 
ill the diseased tissnes, two liad pycnidia (I80“-200 /a ( I lain.) with spores 
measuring 20-27/^ X 7-%.. Single spore cultures and singlci seden-otial c-iilturi'-s 
from these plants were both normal. 

(3) A culture w^s obtained from Poona and infected upon four womuhid 
jute plants on 7th August, 1919. The parent culture had been isolated from 
potato and exactly resembled those obtained from jute in Pusa and Dacca. 
All the infected plants died with the development of pycnidia and spores of the 
usual type and measurements (16-27fii X 7-11/*). Single spore isolations from 
these plants developed the sclcrotial stage of the fungus in cultures as in the 
previous cases. Another series of infections on jute from a culture isolated 
from a diseased (;otton plant gave similar results. Tlie itife(?te(l jute ])lants 
developed the pycnidial stage of the fungus and isolations from ,spore.s 
produced tlie sclerotial stage in culture. ' 

(-1) In Marcli 1921, a culture was isolated from diseascul jute seodliugs 
growing in Dacca soil. Six mature jute plants were wounded and infected 
from this culture on 22nd June, 1921. Two plants developed pycnidia amd 
spores and the fungus was isolated fi’pm single spores as before. 

(5) In July and August 1921, twelve jute plants on the Dacca Farm were 
inoculated from the same culture used in the last experiment. Five of the 
plants died with the development of pycnidia. Single spore isolations from 
these plants developed the sclerotial stage of the fuiigus in culture. During 
the progress of this ex])eriment further isolations of tlie fimgiia from single 
spores, obtained from plants naturally diseased in tlie field, were carried out 
and confirmed previous results. 

(()) In July 1923, a number of diseased jute plants were collected on tlie 
Dacca Farm. The diseased plants all showed pycnidia and sclerotia. The 
size of the spore on these plants was 16-24/* X 8-1 1/*. Bjiorcs W(?.re <‘.ollected 
ill sterile water and plated in the usual way. Single spore cultures a! I 
produced the normal sclerotial stage of the fungus. Six jute plants growing 
in pots at Pusa were infected from these cultures. Five of these plants died 
within 8 days of inoculation with a copious production of sclerotia and 
pycnidia. 

The results of the inoculations therefore show that the pycnidial and 
sclerotial forms belong to the same fungus. The pycuidium occurs only on 
the jute plant and has never been obtained in artificial culture. The 
sclerotial form occurs in artificial culture and on jute, cotton, pota,to and 
other hosts. Cultures isolated from jute, cotton or ])otato give rise to tin* 
pycnidial form when infected upon jute. 


t. j. F. ^HAW 
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Remedial measures. 

^Si.l,vvu(l;t,l' .states tfi<M,t imyiuring with wood ash is very successful iu les.soii- 
iug tile incideuci.'. of the disease. This author considers that such treiitinciit 
not only ,suj)f)lies the ]K.)tassium which is nece,ssary for the growth of the 
jute ])ut also kills the spores of the fungus in the soil. Wood ash, applied at 
tl)(‘. rate of about lOO lb. per acre, is stated to have reduced the loss from this 
disease from 51 to 0 per cent. Liming the soil, according to Sawada, lessens 
the amount of disease, but heavy applications of nitrogenous manures favour 
the development of the disease. 

These results agree with those obtained independently in India by Fiulow-, 
who found that on the Da.ooa Farm jute plots which had received potash were 
fr(M.‘,r from disease thii,n those to which potash had not been applied. Iu 
an. exp(U‘ini(mt on the Dacca Farm the percentage of disea.sed plants iii pioks 
which had not been manured with pota,s'h ranged from 6 to 12 per cent. On 
])]ots wliieli had received pota.sh at the rate of 200 lb. potash {F 2 O) per 
acre, tlie pcuv.auitage of rliseased plants ranged from to 1-| per cent. In the 
potash-manured plots the yield of fibre was more tliaii double that in the 
control ])lots. 

Bisea, ses of whicli the inc5ide.nce is largely <l<itermi,ued by the composition 
of the plant food present in the soil afi’ord problems of great physiological 
intere,st. The deciding constituent may influence both para, site and host. 
Experiments now in progre,ss at Pusa indicate that the fungus Macrophoma 
GorGhori ca.u produce a vigorous growdJi of mycelium on a culture medium 
which does not contai.n potassium. The field experiments at Dacca, liowever, 
suggest that jute is a crop which produces its lieaviest growth when the 
amount of pota.sh present in the soil is inexce,ss of that .normally required by 
otlier crop.s. It may well be, therefore, that a slight deficiency in the potasli 
content of tlie soil wou1.cl depress the vital activities of the jnte plant to a much 
greater extent tli.a.n. it would affect the metabolism of the fungus, which is also 
living iu the soil, thus rendering the host a more easy victim for the parasite. 
This aspect of the disease will form the subject of further research. 

Maerophoma Corehori and Sclerotium batatieola. 

The fungus Alacropliuma Corehori Saw., which forms the subject of the 
present; paper, j>rodu(;es its pycnidial stage only on the living jute stem wliile 
tlui sclerotiii, oi'.ciir iu (‘ulture and among the bast fibres of the jute stem, 

^ ,S;i\Vii(l:i. .Liir. eit., p. 2. 

Fiiilow, ,1*. ,S. Jtlii'-oclouiit ill jtilo : 'Dio iuliil)iliii,u ollVi-l; <it jiol.-isli iiiiiiiunng. At/rL 
Jij'ur. India^ fSpociai Indian yoienen OongrcHH Numlier, 11)18. 
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Sawada states tliat, in culture on agar media, iminaturo pyouidia ar(', formed. 
Thoiso immature pycnidia are evidently tlio .same as the. stnu-tures vdiieh 
have been termed .sclerotia in the present pai)er. This selerotial form of 1, he 
fungus occurs also upon potato tubers where it (pauses a bhiekcming of the e.y(!S 
and a slight rot of the tissues, and also upon cotton plants. A. certain propor- 
tion of the wilting of mature cotton plants and the damping off of SfMidiing 
cotton appears to be due to this fungus. Upon these hosts the pycnidial form 
doe.s not occur but infections with cultures isolated from these hosts on to jute 
have produced the pycnidial form on the latter host. 

In the first investigations^ on the para.sitism of this fungus on jute, the 
connection of tlie selerotial form, produced in culture, with the pyamidial form 
occurring only on the jute plant was not traced and the fungus was identified as 
RhizoGtoma Sol(mi Eiilm, In .1913, Taubenhaus^ described a dis(!as(?, Cliarc.oal 
Rot, of the Bweet Potato which he attributed to a new sj)('<.'ies of tins genus 
Sclerotiim and named iS. Later, in 1917, Martin-^ ih;scribed a 

fruit rot of pepper {Giqmicum (inmmi) as being caii.sed by baldlicola. It 
was then evident from a comparison of the illustratituis of this [)aper with 
tho.se of the earlier publication in India that there were strong ptunts of simi- 
larity between the fungus identified in India as Rhizocknvia Rolani Kiihn 
and that subserpiejitly named riWroifwm in America. 

Cultures of the Indian fungus were submitted for examination in America 
and were pronounced by Dr. Taubenhaus to “present ])racticaliy all the 
earmarks of the organism which I have described as Sekrotiunt hatatioola” 
Examination in India .showed that cultures of S. haCaMcola, obtahied from 
America, were morphologically indistinguishable from cultures of M. Oorclwri, 
on the same medium, and infections were made with tlie forratir to see if the 
pycnidial stage of if. C'ore/wri would result. 

Infeotions^with S. bataticola. 

(1) Six jute plants growing in pots were wounded antP infected with 
N. hataticola as in previous experiments. Two of the infected ])lants developed 
the disease and died, but pycnidia wore not produced. Six control plants 
remained healthy. 

(2) Tliirty jute plants were wounded and infected in the field from (uiltures 
of B. hataticola. Twelve of these developed the symptoms of the disea.se, a 

* iShaw, F, J. F. Morphology and J^arusitiain of RhizorMynia. Mtm. Dv.pl. Aijri. liuliu, 
BoL Ser., VoL IV, 1912. 

® Tauhcnlmus, J. J. Black Rots of the Swcot Fotato. PJujkypalholoij!/, Vu\. 111,1919. 

“Martin, W. 11. Bclerolhmi bataticola. RhytopatJioloyy, Vol. 1917. 



brown stain spreading from tlie seat of infection, but in no case were pycnidia 
produced. 

From these experiments it appears that the fungus S. hataticola is a le.ss 
virulent parasite of jute than M. Qorckori, and that, up to the present, the 
American fungus has failed to give the pycnidium of M. Gofchori wlien infected 
upon jute. If these two names both refer to the same organism we can 
only assume that the American form has lost the capacity of producing the 
pycnidium. In dealing with sclerotial fungi, however, it must be remembered 
that, when we only know these organisms in the vegetative stage, reliance 
for sjrstematic purpose is placed on characters which -would not be admitted 
of taxonomic importance were tlie reproductive organs known. 

Summary. 

(1) The fungus Macro 2 >koma Corchori Syd. is the cause of stem rot of jute 
in India. 

(2) The pycnidium occurs only on the jute plant. 

(3) A sclerotial form occurs in culture and on other hosts (e.g., potato, 
cotton) in addition to jute. 

(4) Tlie amount of potash in the soil is a determining factor in the 
incidence of the disease. 





' C. capsidaris showing pycnidia of M. Corchorr, 
same (X 4); 3, Spores, and 4, Germinating 
t M . Corchori {x 194). 











